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PREFACE 


T here is a prevalent but mistaken notion that derma togl>'phics ha\ e 
no importance faejond their use m personal identification Perhaps 
because the publications of research ate scattered and the generalizations 
seemingly hidden in complexities of descriptive method it is not generally 
appreciated that the patterrungs of epidermal ndgcs on fingers palms toes 
and soles have broader and more fundamental significance The con 
figurations are formed m the early fetus and they persist unchanged Their 
vanants exhibit differential trends among races betneen the sexes and 
among constitutional types Dermatogl>'phics also eluodate various 
morphological principles including bodilj s>Tnmetrj Some traits of the 
dermatoglyphics are hentable hence the> are useful in recognizing the 
types of twins and have promise of application in cases of questioned 
patermt) ^Mth these and related topics forming its central theme the 
present volume is designed to fill the want of a comprehensive treatise 
on dermatoglyphics For those of a biological turn— especially anatomists 
physical anthropologists phj staans interested in constitution geneticists 
and zoologists — the book is intended as a means of acquaintance with a 
relativelj neglected aspect of human biology Though aiming to bring the 
biological phases of the field also to the attention of workers in identili 
cation this Inlroduction to Dermatoglyphics does not purport to be an 
account of routine methods he finger pnnt men who alreadv have avail 
able several excellent manuals of practice 

The text is arranged in three parts and a representative working 
bibliography is appended Part I supplies historical background and a 
general onentation of the f eld Part II deals with methods and <lcscnption 
Part III is devoted to the more fundamental biological pha<ies of dermato 
glyphics It IS suggested that the reader might pass from Part I to Part III 
referring to Part II as questions on methodology and description arise 
Several colleagues in research — Nonna Ford G Tjler Mairs D C 
Rife and nowdeceased HcinnchPoll Inez ^Mupplc Wilder and Hams H 
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Wilder — have furthered indirectly the preparation of the book Debts to 
them for benefits gamed from personal discussions and correspondence 
have accumulated since 1922, when our interest in dermatoglyphics had 
Its beginning For reading parts of the manuscript we are indebted to 
Beverly Blood, Edmn A Ohler and H M Johnson, all of Tulane Univer 
sity, G Tyler Mairs of the Finger Print Bureau of the City Magistrates’ 
Courts, New York, D C Rife of Ohio State University They have read 
critically and then comments have been helpful Any enors of omission or 
commission which remain are our own Genevieve Lee made drawings and 
graphs for most of the new illustrations Sarah Dyson typed several drafts 
of the manuscnpt in successive revisions Sources of borrowed illustrations 
are indicated m legends of individual figures, additional courtesies m con 
nection with illustrations are here acknowledged Figures credited to 
H H Wilder and I W' Wilder are mostly printed from blocks onginally 
used in publications by these authors their collection of cuts having been 
placed at our disposal by authontits of Smith College Fox the gift of cuts 
previously used in our own pubhcalions we arc indebted to The Wistar 
Institute of Anatomy, to The Saentific Monthly and to the Journal of 
Criminal Law and Cnminology 


NlW OCICAKS 
Auttisl 9 194J 
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Charles Midlo 
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pRiiiniN'E Knowledge of DERiiATOGLVPnics 

T he patterned traceries of fine ridges on fingers palms and soles 
must have aroused interest long ago though when it was that men 
first noticed them noNer can be known There exist records that indicate 
acquaintance with these traceries or 
dcrmatoglyphics long prior to the 
period of scientific study One of the 
most telling fragments of this unn^itten 
history is an aboriginal Indian carving 
found at the edge of KcjimkoojiL Lake 
m Nova Scotia ithm the outline of a 
human hand scratched in stone arc 
lines roughl> representing dermatoglyph 
ics and flexion creases (Fig i) The 
thumb the most faithfully pictured 
region bears a spiral whorl This 
petroglyph is generally credited with an 
age of at least several hundreds of years 
and It m3> be older Its significance lies 
m the fact that the maker, though living under pnmiti\e conditions had 
become familiar ivith the dermatoglyphics and flexion creases and nas 
inspired to engrase a picture of them 

Had the maker o'l this pelrog1>'ph drawn the whorl ol the thumb as a 
design isolated from the outline of a band or digit there would ha\e been 
no clue to its identilj as a skin pattern Such is exacll> the status of many 
ancient stone carvings resembling dermatc^IjTihics discovered in wide 
spread parts of the globe In a Utah Basketmakcr pictograph • for exam 


*Doug!«,F n »nd R d lliTnoneoutV ImJ Art «f tif t n t d Stilri Newtork Tlie 

Museam ol Modern Vrt 1541 
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pie, there are several human figures accompanied by designs of question 
able significance including four isolated concentric and spiral patterns 
resembling the vfhotls of finger prints The monumental work, by Mallery 
Picture STiting of the American Indians * illustrates numerous examples of 
similar designs drawn as independent pictures It seems unlikely that they 
were intended to represent fingerprint patterns though Wallery makes 
this comment suggesting the possibility 

The frequency with which partial representations of the eye are met 
with appeared to me so sinking that I requested Mr Jacobsen to ask 
the Bella Coola Indians whether they had any special idea in employ 
ing the eye so frequently To my great surprise the person addressed 
pointed to the palmar surface of his finger tips and to the fine linea 
ments which the skin there presents, in his opinion a rounded or 
longitudinal field, such as appears between the converging or parallel 
lines, also means an e>e, and the reason of this is that ongmally each 
part of the body terminated m an organ of sense, particularly an eye 
and was onl> afterward made to letrovett into such rudimentar) 
conditions 

Probably the most famous of ancient ' fingerprint ’ designs are 
carvings (4) on the walls of a Neolithic burial passage, or dolmen situated 



Pis 3 — Carvings which resemble dermato^rphio ra gramte wall slabs in the Neol thic 
dolrnen of L lie de Ca^r'iou (From SUxktt ) 

on an island off Bnttany, L'lle de Gavr’mis The dolmen, constructed of 
slabs of stone, is a gallery leading into an enlarged chamber, the structure 
being imbedded in a low mound of earth Its inner walls are covered with 
incised designs — systems of horse shoe form, more or less circular con 
centnc figures, spirals arching lines, sinuous and straight Imes and other 
markmgs, occurnng in various combinations (Fig 2) It is claimed by 
some writers, notably Stockis and Bridges, that the carvmgs represent 

' Tenth Annual Report, Bureau of EthndogF, i8gj 
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dermatogiyphics A note published anonymously in France \entures e\cn 
the fantastic suggestion that they are reproductions of finger prints of 
chieftains, graved in the dolmen as an identification register Stockis’ 
publication illustrates the whole senes of carvings many of them accom 
panied by figures of corresponding patterns in actual finger pnnts The like 
ness of some of the car\ings to dermatoglyphic configurations is striking, 
but in others there is no similarity whatsoever Several authors offer 
quite different explanations of the origins of the Gavr'mis designs Faure* 
sees m the carvings of this dolmen ' moving lines on the surface of low 
water undulations or the tremblings of seaweed, which must be signs of 
conjuring or magic " 

Under the circumstances it is incautious, to sav the least, to make a 
specific attribution of the designs on the walls of the Gavr’mis dolmen 
Certainly indeed the argument of resemblance, upon which the claim 
of finger print origin rests, has insecure support Neither this dolmen nor 
any other similar senes of gravings on stone furnishes intrinsic evidence of 
the use of dermatoglj’pbics as models since dues comparable to the hand 
outline m the Nova Scotian petroglyph are wanting Many designs in 
nature resemble dermatogiyphics and they might have served as models 
Then too, the symbolisms which may enter into man made designs render 
interpretation of their sources a venturesome undertaking, perhaps even 
for those versed in a subject “which contains so many pitfalls for the 
unwarj 

The worker m cla> has espeaatl> favorable opportunities for observa 
tion of skin patterns, impressed m the plastic moss (5) It is not impossible 
that potter) making peoples even in remote time were b) this means 
prompted to an interest m finger pnnts Such pnnts are often conspicuous 
and the patterns ma) be more compelling of attention in the cla> than on 
the skin 

In figure 3 there vs shown a dear finger print dating to the fourth or 
fifth century of the Chnslian era The fragment of a da) lamp on which 
it IS impressed was excavated m Palestine by the late Doctor Bad£ 
Numerous objects recovered at the site bear prints of the same potter 
Other examples of prints in ancient day objects arc known, but all 
except the one next to be mentioned lack signs supporting the contention 
of some writers that such prints were applied for personal identification 
Recognition of theu idcnlif)ing value for which there is no convincing 
proof, would signify familiarity with fingerprint charactcnslics Besides, 

'Faure Elie Ilistrry of Art tol i (xafKl^r/ (TnnsUted frera the French by VV Faeh ) 
Garden City Garden City Publishing Co Iitc 19J7 

* Haddon Alfred C. EtoluUen in Art Scnbncr'i 1845 
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there are indications that the impnnts are most often merely marks of the 
fingers used as tools, though it is conceivable that finger pnnts in some 



F<c 3 —An identifiable pnat ob a fraemeBt o{ • Patestioiao leop of the fourth or fifth century 
as <fram£edi CeutMy af tht PtUUmi (ntCtCuK P»(i/c School^ Rtlilian > 


Fig 

instances may have figured m symbolic identification, as a token expressing 
a relationship of the individual to an object or to an act concerning it 
The argument for purposeful recording of an identifying finger print 
in day is stronger in the case of the Chinese seal illustrated in figure 4 
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This seal, made not later than the third century B C , is a pat of claj 
which ViOuld have been attached to some document, letter or package On 
one surface it bears a name impressed by a personal seal, and on the other 
there is a dearly defined thumb pnnt The provenience of this print sug 
gests its nature as a personal mark, but whether the mark was made with a 
purpose equivalent to that of cur 
rent finger pnnt identification is a 
debatable question 

The significance of prints on old 
documents of the East, where the 
practice of Imprinting fingers ex 
tended over centuries is equally 
open to unlike interpretations 

Figure s reproduces part of a 
Chinese deed of sale of a plot of 
land executed m the year 1839 
Receipt of paj ment is acknowledged 
in the deed by the woman heading 
the family which disposed of the 
propert> As is true of many other Chinese documents, this deed bears a 
finger print with an accompanying inscription denoting that the print is 
a form of signature The inscription reads “Impression of the finger of the 
mother born Ch’en ” 

A Chinese contract of loan executed Dearl> twelve hundred >ears ago 
closes with a formula which is in substance like some other examples 
‘ The two parties have found this just and clear, and have affixed the 
impressions of their fingers to serve as a mark ’ The prints of witnesses arc 
added Like the print on the Chinese seal and deed and hke the finger nail 
indentions on Ass) nan clay tablets prints such as these might onl> 
signify that the persons intended to leave a tangible sign of their par 
ticipation in an act That sign would have served its object, as conceived 
by the partiapants, without the introduction of any principle concerned m 
modern finger pnnt identification 

The whole palm and sole also ma) have figured in the history of 
Chinese, knowledgp of decmato^Jyphics. In his work puhlisheti ui 
1563, de Barros (cited by de Pma), records a custom prevailing in 16th 
century China in connection with the sale of children Prints of the 
palm and sole were impressed in mk on the deeds of sale De Barros 
states that these pnnts provide against false personation The prac 
tice, however, maj have been independent of an) conception of the indi 
vidualit) of dennatogl)'phics 



Rig s — A Chinese deed of lale tSjo 
( cned with • £ogtr pnat (From Lou/er 
Coxrlesy 0/ Die FMd Muteum of fitlMral 

tUttorj) 
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More acceptable evidence of an appreciation of finger pnnt charac 
tenstics IS the personal mark, of Thomas Bewick, 1753-1828 English 
engraver author and naturalist Bewick made wood engravings of pat 
terns of his own fingers (Fig 6) and pnnled them as vignettes or colophons 
in the books which he wrote The engravings demonstrate familianty 
with the construction of skin patterns, including the details of branching 
and interruption of the skin ndges It has been stated (7) that Bewick 
also stamped receipts with an engraved finger pnnt Bewick possibly 
understood the indmduahty of finger pnnts though neither the marks 
themselves nor his custom of using them proves it It is evident however 





that he was among the few persons of his lime who are known to have bad 
exact knowledge of dermatoglyphics and it is to be supposed that fa 
mihanty gained through engraving them would have been intimate 
though perhaps not v er> comprehensive Another personal mark of present 
interest is the finger pnnt and signature of Henry P de Forest (Fig 7) 
published as a colophon in his brochure on finger pnnt history Doctor de 
Forest himself figures in this history having made m 1902 the first pnnts 
offiaally recorded for personal identification m the United States In this 
instance, unlike that of Bewick, it is certain that “ his mark ” was impressed 
with knowledge of its uniqueness 

Consideration of the elements of symbolism, magic and superstition 
which may have motivated early attention to finger pnnts lies outside 
the province of this work It suffices to emphasize that the outlook of the 


HISTORY 


peoples who made earliest use of finger prmts should not be reconstructed 
solely on the basis of our own point of view Be that as it may, dermato 
glyphics had attracted notice long before the period of scientific record 
Even folk lore has incorporated a rudimentary cognizance of finger prints 
as shown m the following Chinese formula for fortune telling in which the 





Pic 7 — ApnntolDr Heni7p de Perot Compare mth fibred the stroUr mark of Thomas 
Bewick made a century and a quarter earlier (Courleiy of Dr dt Forest ) 

future of the individual is predicted in accord with the number of whorU 
and loops borne on his fingers 

One whorl, poor, two whorls, nch, 

Three whorls, four whorls, open a pawnshop 
Five whorls, be a go-between. 

Six whorls, be a thief. 

Seven whorls meet calamities 
Eight whorls, eat chaff, 

Kiae whorls and one loop, no work to do — 
eat till 50U are old • 

Dactylomancy, strangely enough, is practiced even now and in this 
country though it does not rank with palmistry m popularity One of the 
present authors was the subject of a reading, in 1955 made by a finger 
print expert who professes ability in dactyIomanc> Though the reader was 
supplied with finger prints alone and had never seen the subject the 
identitj was known to him The report is quoted in full to illustrate the 
scope of characteristics which purportedly are revealed in the prints of 
this subject 

I believe this^as much as I beliese anything,, that \our fingerprints 
tell }ou what }ou are Regardless of what you think, or want to be, the 
fingerpnnt tells the truth Let us look at your own this is the hand of 
the thinker, asopposed to themaniialandphysical The whorl indicates ^ 
a degree of tenacity .stamina, stick to-it iveness, on iheother hand you ^ 


* Rearranged from A If Smith Protfrts and Common Sapus of He Chinese Shanghai 
190 quoted by Laufer 
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would have double these virtues if you had two whorls (in the thumbs) 
You will be shorter li\cd than j’our co workers who have all whork 
Persons with ten whorls tend to longevity I judge j-ou to be a man 
aged about 45 to 47 jears \on arc a mental worker not a phj'sical 
type at all kou entered >our profession after along dehberation — due 
to uncertainty — and then deeded to be a professor In stature j-ou are 
close to 6 feet m height and jou ate not phj-sically robust \ ou weigh 
about 165 lbs It would not surprise me but what jou were a frail 
child \qu ate a tireless worker and do not spare yourself The intro- 
vert t>-pc of hand is very desirable as it represents a sort of balance 
wheel It IS far more impetuous than the ten whorl tj^pe The whorl 
type of hand (extrovert) is one that reasons and weighs all sides and 
angles to a problem before making a decision Were it not for the ten 
whorl hand the world would constantly run amuck. 


Eari,\ Scientific Records 

It la difficult to set a dividing line between what may be nghtly con 
sidered scientific knowledge of dennatoglyphics as distinguished from 
^ prmnme knowledge The distmction is arbi 

j-rv v lA made here it is only a definition 

of convenience Beginning of the saentific 
p f *5 arbitrarily set with the first records 

I ' hy which conform to the prevailing notion of what 
j j — I constitutes a saentific record As modems we 

f i are mdined to think of manuscripts books and 

' journals as media forgetting that pnmitive 
*-^3^ > V conditionsof bfe restrict the modes of recordmg 

I 1 ideas After aU the abonginal who carved the 

j hand on a rock ID ^ova Scotia may have been 

I i as truly scientific m spint and method as the 

\ * I authorofatechnicalaTticleor book. Bewick was 

\ ( / least an observer of finger pnnts and be 

\ i / ii’ight have been ako a practitioner of saentific 

personal identification Perhaps the Chinese 
' who impressed his thumb ui a clay seal more 
Pig « — Q«tJBM<jgiTi>ii tbati two thousand years ago was likewise 
"(Ffo-riTVKlwrt /a* WadX Wfiownig U SUCTftTlilC pTUCtlCt tVltH IttOgTfatfi 
The facts in these and similar cases are obscured 

Ffwttk Hg Assoc atson ) 

by time and the lack of validating records In 
spite of a conviction that there was a saentific recogmtion of derma 
toglyphics long before the first written reTOrds concerning them these 
records are at least a defimte milepost of adv'ance 
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The old wntings of the East, China m particular, have been considered 


at length by historians of finger print saence 
It IS probable that the identifying \alue of 
finger prints had been appreciated man> 
centuries before the appearance of the pub 
lished notice (Faulds, 1880) which mai^ 
rated the now extensive literature on 
finger print identification Some of the an 
cient wntings, honever, are of extremely 
doubtful bearing on the question at issue 
Relating as they do to finger printing cus 
toms, and neglecting explanation of rationale, 
these V, ritings are no wore convinang than 
the finger print signatures themselves which 
iMtness only that the prints were made 
The ^\orks of Grew, 1684 Bidloo 1685 
and Malpighi, 1686, are among the earliest 
scientific descnptions of dermatoglyphics 
Grew presented before the Royal Soaety m 
London a report of his obser\ations on 



Pic p —One ol tbe esrj e»t 
eciect fic rreordi of the anatomy 
of dermaioslyphica— Sidloo 
1685 (pror<* Denkmeijfr afttr the 
tJiS rJilioy ef Sidtoo J 


patternmgs of the fingers and palm He describes tbe sweat pores the 


epidermal ndges and their arrangements, and presents a drawing of 



Pre 10— MarceUo Malpighi 1638 1694 (A werfolUow on lit octation oS tiu fonrlk 

InUrnaturnol Conpm of AnOtomy ifiUn I9i6) 


the configurations of one hand (Fig 8) Bidloo’s book on human anatomj 
mcludes a drainng of a thumb (Fig 9) and a description of tbe detailed 
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arrangement of the ndges m this one digit TTiough breadths of individual 
ndges are exaggerated in the drawing perhap§ to emphasize details the 
illustration gives evidence of a careful attempt to portray the charactens 
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The eighteenth century was marked by the appearance of several 
anatomical works in which dermatoglyphics receive mention, among them 
Hintze, 1747, Albinus, 1764, and Mayer, 1788 Mayer’s contribution has 
escaped previous notice by commentators on the history of finger-print 
science. His book is an atlas of anatomical illustrations, accompanied by 
brief explanations The plate of finger prints is here copied in figure ii 
His explanation of the plate contains the following statement, which 
opens with the first clear enunciation of a basic principle of finger-print 
identification; 

Although the arrangement of skin ndges is never duplicated in two 
persons, nevertheless the simiiariues are closer among some individuals 
In others the differences ate marked, yet in sjnte of their peculiantves 
of arrangement all have a certain likeness 

In the early nineteenth century several authors made contributions to 
the literature on dermatoglyphics Schroter, 1814, m dealing with the 



Tic i»— 3 ■£ Torninje 1787-1169 tTwni •ni W ilJrr. a/lrr l.oty fonrlttyef (it 

Ftng/T rnnl Publtshtmf Attoriaiiott ) 

sense of touch, presents a discusrion of the morpholog> of the palmar skin 
and illustrates the arrangement of ridges and pores The work of Purkinje 
(Fig. 12) is a more important landmark in history, for it was he who in 
1823 first classified systematically the varieties of patterns of the fingers 
He distinguishes “nine principal configurations of the rugae and sulci 
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serving the sense of touch on the terminal phalanges of the human hand 
(Fig 13) He mentions briefly also the patternmgs of the human palm, 
of the hands of monkeys and of the prehensile tail of the spider monkey 
A sense of the high variability of dermatoglj-phics is implicit in his writing, 
though at no point does Ptirkinje sugg;est that this variability might be 
utilized in personal identification His mterest was confined to physiologi 
cal processes and the structures which serve them 

Another writer of the early nmeteenth century, Bell, has a place in the 
history of dermatoglyphics In i8j3 Bell contributed one of the volumes 
m the senes of Bndgewater Treatises on ThePov.tr, Wtsdom, and Goodness 
of Cod, as MantfesUd tn the Creation, the title of his work being The Band 




f C H i 

Frc 13 — Pur 1 cin]« < a q« o( Gae«r pttterai ><>3 A tbe transverse curves (pUia 
arch] B the ceatral loag tudi^ stnt (t«ale 4 ercb) C the obUque stripe [loop ulner or 
rsdial] D the oblique loop {loop ulaarot rwl el) £ the almond [whorl] F the spuwl [wbort] 
G the ellipse — ell ptical whorl [whorl], /f the circle— circular whorl [whorl] I the doable 
whorl (composite twin loop] 

Its Mechanism and Vital Endoitmenls as Evwetng Design As an anatomist, 
Bell made a searching analysis of the structural and functional adapta 
tions of the hand He descnbed, just as they are recognized now, the two 
functional advantages mediated by the epidermal ridges Following a 
consideration of ‘ the fulness and elasticity of the ends of the fingers ’ he 
writes 

But to return — on a nearer inspection, we see a more particular pro- 

‘Aft, fin/gCTi 'K’lftWTOV'irt'ift'izR-'i/.CfteJin/j.'s.’TiiVi). 

ciquisite, there arc minute spiral ndges of cuticle These ndges have, 
corresponding with them, depressed lines on the inner surface of the 
cuticle, and these again give lodgment to a soft pulpy matter, m which 
he the eitremities of the sentient nerves Had the cuticle been 
finelj polished on its surface, it would have been illsuited to touch, on 
the contrary, it has a very peculiar roughness which adapts it to feeling 
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A provision for friction, as opposed to smoothness is a necessary 
quality of some parts of the skin thus the roughness of the cuticle has 
the advantage of giving us a firmer grasp, and a steadier footing 
Nothing IS so httle apt to slip as the thickened cuticle of the hand or 
foot 

Purkmje remarks in 1823 that some mentiott of the epidermal rugae 
and sula “occurs m every physiological or anatomical epitome ” Through 
the nineteenth century and even later such books continued to include 
casual notice of the dermatoglyphic features With the advent of finger 
print identification, books and articles specially devoted to the subject 
multiplied 

Practical Applicatiov rv Identificatiov 
The possibility of early use of pnnts for personal identification, in the 
East, has been suggested The publication in 1S80 by Faulds (Fig 14) 
is the first item m modern literature 
relating to finger print identification It 
IS a brief note appearing in the English 
journal ^ature Faulds, on the basis of 
his own observations points out that 
chance pnnts left at the scene of cnme 
would provide for positive identification 
of offenders vihen apprehended The 
article -a as followed promptly by a letter 
wnttcn by Herschel and published m the 
same journal In it Herschel asserts that 
he had been actually using this method 
of identification m India for about twenty 
years Thus while to Faulds is due credit 
for having first published on the method 
Herschel was the first European of the 
modem pcnod actuallj to practice finger 
print identification These two men had 
different points of view as to practical 
applications of finger pnnts Faulds envisioned their service especial!) in 
establishing the identities of persons leaving chance prints at the scene of 
cnme and Herschel conceived a broader usefulness the registration of 
prints as a measure against false personation 

The latter part of the nineteenth century is notable also for the publi 
cations of Gallon, Henry and Vucctich who with Faulds and Herschel 
were concerned in developing practical methods of finger pnnt identifica 
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tioD Henry (Fig 15) established the scheme of classification which is the 
most indely adopted of all the numerous systems There are several others, 
however, who figure in the history of this formative period 

First mentioned by Gallon in 1891, and since then frequently quoted 
m discussions of finger print history, is the device used by Gilbert Thomp 
son AVhile at the head of a surveying party in i88i, Thompson paid its 
members by written orders to the camp sutler The inscription of the 
amount on the order was surcharged by his own thumb print It seems 
to be clear that the thumb pnnt was 
intended not as an identification of Mr 
Thompson but as a means of preventing 
alteration of the written figures When it 
IS noted that the duplicate order which 
Thompson presented to Galton was 
drawn in favor of one "Lying Bob,” the 
precaution is understandable 

At about the same time Tabor a 
photographer in San Francisco chanced 
to notice the pattern impressed by his 
own inked finger on paper After carrying 
out some experiments with finger pnats, 
he proposed that the method he adopted 
for the registration of Chinese immi 
grants, where the difficulties in ordinary 
identification had been a vexing problem 
Pio IS— E< 3 »»ra Richard Henry Neither this proposal nor the one made 
■" in 18SS by an unknown resident of 
Cincinnati for the use of identifying 
prints on railroad tickets was earned out, but the fact that the suggestions 
were made demonstrates early recognition of promise of the finger print 
method A European parallel (8) is that of Wilhelm Eber, a veterinanan 
m Berlin who was convinced of the practical usefulness of finger prints 
and who formally reported his conclusions to the Ministry in 1888, the 
Ministry was not impressed 

Mark- Twam. did much, to furthei: lyujulax mJju-AS#. ux Uns^fx ijxmts. 
through two of his books, Li/e on the iltsstssippt and Pudd'nhead Wtlson 
In Li/« on the. Mtsusstppi the character Kail Ritter is made to say that he 
,had read a fortune front a thumb print, and that he had known an old 
French prison keeper who insisted that the lines in the ball of the thumb 
are never exactly alike in any two human bemgs and that they do not 
change from the cradle to the grave These basic ideas are amplified in 
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Pudd'nhead Wtlson Pudd nhead’s address to the jury has been charac 
tenzed as “one of the finest explanations of the logical basis of finger print 
identification ever given either m fiction or in life” {48) 

The source of Mark Twain s finger pnnt plot is not known though 
doubtless he received the idea second hand as did Gallon Henry or an> 
one of many others who built on foundations already laid Herschel states 
that his interest m finger prints probably originated by inspection of 
Bewicks mark Faulds was an originator and it appears that some others 
Tabor for example were also original Laufer takes the position that 
ongmal ideas are so rare that * it is most unlikely that a complex series 
of ideas as presented by the finger pnnt process was several times evolved 
by different nations [or individuals] independently ’ However and not 
wnthstandiDg the antiquity 0! the use of finger prints m China there is 
no need to assume that all ideas about finger pnnt identification must have 
stemmed from that source 

Finger print identification was introduced on a large scale onl) after a 
penod of probation extending through several decades The method now 
is in universal use and has been extended from Us ongmal ciiimnal 
limitations to varied applications in civilian and military life So many have 
participated in this expanding use and in developing details of method that 
the listing of names and individual ointributions would encumber what 
is intended to be onI> a sketch of the mam historical framework 

Current Popular Interest ln Finger printing 

The use of pnnts in identification has attracted widespread intercut 
Mark Twain s example of using a finger pnnt plot has been followed b> 
many a writer of fiction More effectively, accounts in the press have 
brought constantly to the attention of readers the operation of the finger 
pnnt method through reports of cases of identification of criminals the 
unknown dead victims of amnesia and the like Feature stones addresses 
and radio talks are active outlets of information on the subject The foot 
pnntmg or palm pnnting of newborn infants the finger printing of 
soldiers sailors and certain classes of employees as well as widespread 
finger printing of civilians in the war emergency have broadened first 
hand familiarity with the objectives of personal identification 

The fruits of this dissemination of interest m finger prints are apparent 
It IS not uncommon to read about a troop of Boy Scouts engaged in a 
finger printing project, or of the members of a dub or the citizens of a 
community responding enthusiastically in a finger pnnting campaign 
The Federal Bureau of Investigation and other agencies of law enforce 
ment have extended to avnlians mvitations to be finger printed and the 
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favorable reception is measured by the large number of finger print cards 
now deposited in official files 

For several years the toy stores have earned simple finger pnnt kits, 
and It may be taken for granted that the jT)ungster who possesses the kit 
will acquire some knowledge of the character of finger prints and of their 
individual differences as revealed among his relatives and friends But a 
boy need not await the ownership of this equipment to learn something 
about the subject Comic strips and cartoons often feature finger pnnts m 
identification “Tarzaa of the Apes” was proved to be the son of Lord and 
Lady Grej stoke, by means of finger prints which as an infant he had made 
m touching with inky fingers a page of the father's diary The youth’s 
interest also might be aroused by a puzzle m which a name is hidden in a 
labyrinth of lines, a purported finger pnnt Quite recently there has been 
patented a finger pnnt game,* “Fingo Pnnio ’ which is played on the 
pnnciple of “Bmgo ’ Each player is supplied with a large card beanng 
the outline of a hand and designs of finger pnnt types The chips are small 
cards each beanng a single pnnt On successive deals the players endeavor 
to fill all five finger bulbs with specified prints 

Popular notice is gamed even through advertising wnters, who some 
times turn to finger pnnt science for ideas toward tbeir copy This copy 
in turn cames its influeDce farther, and in a way that is bound to instil an 
appreciation of some of the pnnciples of finger pnnt identification The 
clothier tells his prospective customers that ' A finger print is an un 

questioned means of identification So is s label A garmint maker 

who wishes to emphasize the distinctiveness of his wares claims that the 
garment has “personality,” and is “as individual as your finger print ” 
Even the qualities of latent pnnts are not neglected The producer of a 
brand of tobacco advertises “Wanted — the 123 232 missing pipe smokers 
whose thumb prints are on the wrong packages of tobacco ’ The publishers 
of a popular magazine also based recent advertising on latent pnnts on 

copies of the magazine collected from homes “Inside the covers of 

Slagazine we found an average of 407 8 cleat fingerprmts per copy 
We found the thumbprints of 3 26 different persons on each typical copy ” 

With all these signs pointing to broad popularization of finger pnnts 
a IS. a^iparent. that. the. day is soon, aiming when, them wdl he no Inngpr a 
significant objection to finger pnnting The feeling against it is on the 
wane, though there are still some who regard finger prmtmg as a stigma 
because they assoaate it with the police records of cnminals It is not too 


‘The game wss devised by E Keicliert, a finger print expert of Sew York City 
’ Tfie quotations m this paragraph are from actual advertJseineDts 
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much to hope that universal registration of pnnts mil be eventually 
realized (Chap 8) Objections can be based only on misconceptions 
namely that the method is tainted by its criminal application and that 
compulsory registration would violate pnnaples of personal bberty 

Biological Phases 

Certain biological principles are basic m finger print identification 
[a) Indi\ndual epidermal ridges are so highly variable that their charac 
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tenstics even in a small area of a finger palm or sole are not duplicated 
either in another region or in a different individual (b) The configurations 
and details of individual ridges are permanent and unchanging (c) The 
configuration types are individually \anable but they %’arj within limits 
which allow for s>stcmatic classification 

How these principles came to be established m the minds of those who 
first recognized them remains unknown though it maj be assumed that the 
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process would have been essentially no different from the recorded expe 
nence of Faulds Faulds relates that he first became attracted to the study 
of finger pnnls by the findmg of unpiessions on ancient Japanese pottery 
This led to an examination of “the characters of the skm furrows m 
human fingers generally,” which convinced him of the high degree of 
variability ol patterns and of their “for ever unchangeable ’ character 
The observations prompted his proposal of the use of prints m identifica 
tion and stimulated his further lavestiga 
tions of dematoglyphics in different rares 
and in monkeys Others before and after 
Faulds perhaps directed by some obser 
valion as casual, might easily have been 
led into independent studies of finger 
prints Workers pnmanly engaged m per 
sonal identification anatomy physical 
anthropology zoology and genetics have 
turned to studies of various phases of 
dermatoglyphics Tbcir contributions form 
a body of living history since they are a 
part of the working literature of current 
studies It would be pointless to name all 
these authors and to indicate their indi 
vidual studies but thers are some whose 
pioneer work is so highly significant as to 
Pie *7— Him* WiM«» merit Special mention even if it must be 

bncf 

Gallon (Fig i6) pioneered in fundamental finger print studies con 
cemed with morphology, classification inheritance and racial variation* 

Wilder (Fig 17) maugurated a program of biological mvestigations 
with a study of comparative dermatoglyphics His first paper on the sub 
ject was published m 1897, and m the following three decades he contin 
ued with studies devoted to morphology the methodology of plantar and 
palmar dermatoglyphics mbenlancc and taaal differences * 

* There 15 at the UniversiCj of LoaA>a a Gallon Room which hous s memorabilia o'l 
this ^eat biologut— pholograpbs Zellers finger prut material, and many instninients of ' 
which some were specially designed for bis studies of finger pnots 

*It may be of interest to note the sliiniilDs which prompted MUder’s studies in the field 
of dermatoglyphics On first meeting one of the present authors (Cnmnims) WSder held out 
his tight band sod said Notice bow thehypoUMiiar pattern resembles that of the monkeys. 
Long ago my attention was directed to this sun tan^ and the speculation aroused by it was 
the stimulus for my later work. (See frontispiece ) 
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Inez Whipple (Fig j8 ) a student and later the wife of Wilder began 
her study of dermatoglj’phics with a comparative survey which is a classic 
m the field (147) Early during the penod of Mrs Wilders study two 
other pioneer workers were engaged m research on comparatue derma 
toglyphics — Schlagmhaufen and Kidd 

Knstine Bonnevie has accomplished more than any other person in 
analyzing the inheritance of finger pnnt characteristics Her first major 
contribution (44) was followed by a succession of important studies on 
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various aspects of inheritance and on the embryological processes leading 
to the espression of particular configurations 

Heinrich Poll (Fig 19) devised novel and revealing methods for the 
anal^'sis of finger prints He in\cstigatcd raaal differences geographic 
variation within races constitution and symmetry 

From the work of these and other in\estigators whose interests have 
been cantered on hiologusil ptohkms the suhatance ot Part j ux tbii 
volume vs drawn and their contnbutvons figure largely vn Part a also 
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RrocED Skin 

T he palmar and plantar surfaces of tlie human hand and foot are 
clothed by skin which is different from that covering other parts 
of the body The skin here is continuously corrugated with narrow ndges 
and there are neither hairs nor sebaceous (oil) glands Sweat glands are 
abundant and ofreUtistly large sue Further distinctions of thickness and 
of histological structure, are observable by dissection and by microscopi 
cal examioatioo tUdged skm is not strictly conhned to the palmar and 
plantar surfaces Ridges occur over the tips of digits, and on the digital 
margins, where as along the margins of the palm and sole they extend 
about halfway to the dorsal surface The extent of ndged skui is em 
phasiaed in the Negro by reduced pigmentation throughout the areas of 
dermatoglyphic specialisation 

The palms and soles of all primates bear ndged skin and the tads of 
certain monkeys and the paws m some mammals other than primates also 
are thus characterized (Chap 9) In no group other than primates, how 
ever, is this volar speaalization conastcnlly present 

Prior to 1926, when the word dermatoglyphcs was proposed (276), 
there had been no satisfactory term embraang the skin patternings of 
fingers, toes, palms and soles Dermatoglyphics {derma, skin 4 * glyP^t, 
carve) is a collective name for all these integumentary features, withm 
the limits to be defined, and it applies also to the division of anatomy 
which embraces their study The r rord is literally descnptne of the deh 
cately sculptured skin surface, inclusive of single ndges and their con 
figurational arrangements Flenon creases and other secondary folds are 
unt elmnenis. at dermato^t^hics Throi^ the. term. has. ovro?. tn he. %pn 
erally adopted among biological investigators the practical finger print 
roan has had no reason to substitute it for his own useful and familiar 
terms Most commonly, he needs only to refer to finger prmts or patterns 
and his field is adequately designated by any one ol several names, such 
as dactyloscopy 
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The structural specializations of palmar and plantar skin are advan 
tageous in the functioning of contact surfaces Corrugation of the surface, 
moistening by sweat and absence of hair counteract slipping, this adapta 
tion being recognized in the term frtclton skin Like the milling on the 
handle of a tool or the tread on an automobde tire, the ndgmg serves as an 
anti slippmg device The drag agamst a surface as the skm is passed over it 
in 5 y*oe' increased" by imbrication of the epidermal ndges Imbrication is 
detectable (133) when the end-on profiles of ndges are examined under a 
lens, and it is evident also m sections cut vertically to the surface of the 
skin and across the ndges (Fig 20) Varying among regions and mdividuals 
in its presence imbncation is evident as skewing of the contour of the 



Fis 20 — D asrunmat c proSIe o( nd^es w tbout usbncat on B Actual proSlet of 
iTDbncated ridzn traced frotn a Imtolocica] lect on IKiJJ ) 

ndge Ridges within a limited area all have their skewed margins facing 
the same direction 

Abundant ner. e endings in the skin of the palmaT and plantar surfaces 
serve the sense of touch Their functioning is aided by corrugation of the 
skin In testing the texture of a surface the fingers or palm arc rubbed 
back and forth over it The drag against the ndges heightens the intensity 
of stimu lation of the nerve end ings Gallon (57) supplies a vnvid descrip- 
tion of the process 

It IS interesting to ask a person who is ignorant of the real intention, 
to shut his e>e$ and to ascertain as well as he can by the sense of touch 
alone, the material 0! which any object is made that is afterwards put 
into his hands He will be observed to explore it very carefully by rub- 
bing Its surface in maa> directions and with many degrees of pressure 
The ndges engage themselves with the roughness of the surface, and 
greatly help in calling forth the required sensation, which is that of a 
thnll usually famt, but alwaj-s to be perceived when the sensation is 
anaJj-sed and which becomes very distinct when the indentations are 
at equal distances apart, as in a file or in velvet 

The effectiveness of epidermal ndges m heightening frictional resistance 
IS increased by the arrangements of ridges in patterns As MTiippIe (147) 
emphasizes the pattern arrangements counteract slipping regardless of the 
direction of drag because the designs are formed by ridges coursing in 
different directions Tactile acuity also is favored by the patterned 
arrangements of ndges In experiments on tactile acuity Schlaginhaufen 
(144) makes use of two-point d scrimination, the subjects being tested for 
abilit} to recognize the dualit> of stimulation when the skin is touched at 
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kwo points simultaneously A measure of the refinement of this ability is 
afforded by the distance separating the two pomts of a compass esthesio 
meter The findmgs mdicate that two point discrimination is more acute 
when the pomts of the compass are appbed in a Ime at nght angles to the 
ndges than when they are ahgned with the ndges From this it follows that 
the patterns multiply the opportunities for contacts most favorable for 
tactile acuteness 

Ridge breadth, accordmg to Gallon (57), does not afford a proper 
tionate index of discriminative ability m different areas of the same hand 
Though ndges in the palm ate but 18% broader than on fingers (24), 
the compass points, to be recognized as a double stunulation, must be 
more than four times farther apart ui some jegions of the palm than on the 
fingers 


Prints of DERUATOCLvpjncs 

Accustomed as we are to examining contact pnnts rather than the 
features themselves, no awkwardness is sensed m the use of "finger 
pnnt ’’ to signify the actual pattern of the distal phalanx ’ Other regions 
may be similarly described m terms of their pnnts The indirection m such 
a phrase as "individual differences of finger prints" somehow has become 
less unseemly than would be the case if one were to refer for example, to 
"mdmdual differences of photographs of fingers ’’ 

The impressions left in ordinary contacts with objects are termed 
ehanct pnnis or finger pnnt (races Chance pnnts may be Jearly visible 
transferred from smeanngs of the band with ink, paint blood or other 
substances or impressed m a plastic mass, such as clay Chance prints 
usually are latent, invisible or only faintly visible being formed by a film 
of natural skm secretions or of colorless foreign matter adhering to the 
skin Latent pnnts may be rendered visible by various methods of develop 
ment The impressions which remain after ordinary contacts o! the hands 
are exemplified in figure 21, which illustrates a sheet of bank checks care 
lessly handled fay investigators searching for cindence in a case of forgery 
A unique self-developing vanely of latent pnnts (31) is illustrated in 
figure 22 These "pnnts ” are formed m growths of bactena seeded b> the 
tAurJi-fif. a. ihiunh. on. tJifi. SJir/arft. of. a. solid. ndtiwi, medium. Xboniih.it.is. 
quite unlikely that such pnnts would assume an importance m personal 
identification, this demonstration is a novel addition to the list of matenals 
composing latent pnnts, aside from its sigmficance bactenologically 


‘The word “finder’’ is commonljr used to mdtide the thumb as well as fiozers m the 
stnet sense 
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Plastic materials of suitable consistenqr and texture yield impressions 
which may be either chance prints or purposefully made Impressions in 
clay are discussed in Chapter i in connection with the history of dermato* 
glyphics. Only rarely are such prints presented to the identification worker 
or diosen by the biological investigator as a form of record In some 
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materials these negative imprints are registered with fine detail, as in the 
slab of dental impression compound Dluslrated in figure 23. This print, 
incidentally, is one of numerous identical finger prints produced in the 
seances of the medium ''Margery," purportedly impressed by the phantom 
thumb of the medium’s deceased bro^r (so). It will be obvious that a 
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print rendered m the negative m clay wax plaster or any other material 
allowing for registration of the skm detads would be a suitable mold for a 
positive cast showmg the true reliefs of the dermatoglyphics Such casts 
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are sometimes useful The method does not yield a record which is literally 
a print but it is not unfittmg to refer to these positive impressions as 
prmts 
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The tenn ‘ print is applied popularly and iQ a loose sense to any 
contact impression of the skin even if it is a mere hloh or smudge (Fig 24) 
The prints made by the biological iniesligator or by the identification 
worker are clearly decipherable imprcssrons usually in mk corresponding 
m quality to that shown as a companion to the blob m figure 24 


Pig 24 —A clear fio^er pnnt contrasted w th a ieaturelesf blob 

Characteristics of Single Ridges 
E\en mthout magnif cation the skin ndges (epidermal ndges or 
rugae) are evident as shghtl> elevated ribbings of the surface separated 
bj narrow grooves (sulci) The surface might be compared to the appear 
ance of corduro} but with the important difference that epidermal ndges 
do not course uninterruptedly like the nbs of corduro>, nor are they 
straight except over areas of limited expanse 

The detailed superficial construction of individual ndges may be made 
out by eraniimng the skin with a magnification of several diameters 
(Fig 25) Individual ridges present numerous interruptions branchings 
and other irregularities these details as the> appear m prints will be 
considered later On the ridge summits are the onfices of sweat gland 
ducts each ndge having a single row of these pores spaced at fauly regular 
intervals The ndges frequcntlj show transicrse constrictions (Fig 39) 
suggesting a segmentation into units each unit being assoaated with one 
sweat pore (sx) These individual segments arc sometimes completely 
disjoined forming islands- The distances between successne sweat 
pores on a ndge are usually about equal to the width of the tidgc 

Largely through the efforts of Locard methods ha\ e been densed for 
the study of sweat pores from the standpoint of their sanations and use 
fulness in personal identification The pores are commonly esident m 
pnnts made by other methods but Locards process of developing with 
lead carbonate or other metallic salts i5speaall> adapted to demonstrate 
them The sanations embrace the number of pores in a unit area their 
pattern of d stribution the spacing between successive pores alignment 
with reference to the axis of the ndge and conformation of the pore out 
lines as registered in prints The charactenstics of sweat pores arc as 





28 DERUATOGLYPHICS 

individual as Ihe minute details of ndges The individuality expressed in 
dermatoglyphics is evidenced on an extensive scale the pores within any 
area being many times more numerous than ridge details Even if a small 
patch of skin is devoid of other significant ndge charactenstics the pore 
details ate sufficient to establish identification of an individual 

Ridge breadth over the band as a whole averages o 48 mm m young 
male adults (24) With an average of 043 mm m young adults uomen 
have narrower ridges than men (30) Regional differences in the hand are 



Pc 1 $ — Photograph (^ 3 ) of the terminal pbilanx of » left ndex finger 

marked (Chap 1 1) Inspection indicates that the sole is distinguished by 
coarser ndges but quantitative data for the comparison are not available 
Ridges are extremely narrow in the infant and they gradually broaden as 
the ch Id jrrows but there are no changes in their original charactenstics 
of branching ending and other details A F Hecht supplies the following 
breadth measurements calculated from counts m three prematurely born 
infants examined at ages of months the breadth m each case is 

o 15 mm in seven term newborns the breadth averages o r8 mm the 
range being o lo-o 22 mm in an unstated number of children at ten years 
the values are o 30-0 35 mm 
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The details of ridge construction may be best described on the basis 
of their appearance in prints, since but rarely are they examined directly 
on the skin. Figure 26 is an ink print of the same digit shorrn in figure 25 
In making this enlarged reproduction the photographic negative was 
reversed, so that the print might be directly compared with the photo- 
graph of the finger itself. Contact prints, it will be obvious, present the 
features of the skin in a mirrored relationship. In the relation which it 



bears to the actual skin the print of a finger may be likened to a printed 
page, the mirrored impression of the type faces. 

As in printing from type, the printing of a finger (or any dcrmato- 
glyphic area) imolves the transfer of a film of ink from raised lines and 
points In a print made with an optimum amount of ink and proper arn- 
trol of pressure, the sweat pores appear as uninked dots within the inked 
lines which mark the contacts of ridge summits Like a rubber stamp, 
the finger ball and ridges arc yielding. The pressures applied in making 
repealed pnnts of a finger can never be exactly the same in degree and dis- 
tribution, hence two prints of the same digit are bound to exhibit dif- 
ferences of technical origin. Variations in pressure, as well as lack of 
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uniformity in inking, may introduce discrepanaes m the breadth of a 
ndge or m the appearance of a ndge detail A bifurcation for instance, 
might be completely registered m one impression, and m another the pomt 
of branching might not be recorded In pronouncing two finger pnnts identi- 
cal, the identification expert means that there are no material differences 
between them, and that they are imprints from the same pattern He 
knows that they can not be strictly duplicates, since the mechanics of 
printing are such that immaterial unlikenesses of two impressions from a 
finger are inevitahle Such purely technical discrepanaes between two 
prmts made from the same finger are readily recognized as such 

Excessive pressure maj squeeze ink into the sulci, which then will be 
prmted darker than the ndges A prmt of this character is in a sense a 
negative impression inasmuch as attention is directed to the sula, here 
made more conspicuous than the ndges The sula obviously present a 



Pio a; —Two pneM of ih« tuae fiager one ta the tom of to ordinary ink pnet and the other 
(with black beckgroued) * eegatire 

negative counterpart of the ndges, though with the usual exclusive em 
phasis on ndges little thought is given to the configuration of the mlerven 
ing sula The two reproductions of (he same finger pnnt shown in figure 
27 are made with the purpose of emphasizing the mutual relationship of 
ndges and sula One of these pnnts is an ordinary contact pnnt The same 
pnnt in negative form is shown with a black background, the black Imes 
being sula and the uninked mtervab between them representing the 
ndges 

_ Epidermal ndges are compared earlier to the ribs of corduroy, but 
contrasted in having irregulanlies of direction, discontinuities and 
branchings Such characters are collectnely termed mn ultae or ndge 
charac teristtcs The occasional t nctptenl, rudtmentcry or nascent rtdne s, 
tnougtj not^sually grouped among the minutiae, base a logical plaa in 
the consideration of ndge charactenstics Inapient ndges he m the sula, 
they are very narrow and frequently interrupted Such ndges arc lUus 
trated not only in the diagram of nuoutue (Fig 28) but also m the en 
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larged actual prints (Figs 26 and 53) Hicy differ from typical epidermal 
ridges in the characteristic absence of pores as well as m position and 
morphology Several standard types of minutiae are illustrated in figure 
28 An tsland in strict usage is the ultimate abbreviation of ndge structure, 
a u nit bearing but one sweat p ore Two, three or several such ndge units, 
consohdated to form a short ndge, were origmally also called islands by 
Galton, though it is preferable to designate them as skorl rtdges and to 
reserve the name island for the ultimate ndge umt An abrupt stop in the 
course of a ndge is an end or Urmnalton Occasionally a ndge may branch 
forming a btfurcaiton or /orfe, i£ the two ndges were considered as coursing 
from the opposite direction they might be described as fusing but the com 
mon designation is based on the consideration of one ndge branching 
rather than of two ndges joming Two such branches, however, may 
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rejoin after a short course, forming an enclosure or eyelet Some special 
vanants of ridges are named in systems of classifying and filmg single 



Ridge Contigurations 


The epidermal ndges form definite local designs on the terminal seg 
ments of digits and in consistent sites on the palm and sole The high 
variability of these configurations makes them useful in personal identifica 
tion studies of inheritance racial vanation and other biological aspects of 
dermatoglyphics 

The distal phalanges of fingers and toes present configurations which 
according to their general construction are classed fbv Galtonl as arches . 
loops and whorls an example of each being illustrated m figure 29 All 
configuration types except plam arches appear as designs composed of 
abruptly curved ndges For convenience, plam arches are often termed 
pattern s Actually they do not conform to the definition of a true pallertti 
which, as in a whorl or loop, is composed of sharply recurved ndges 
The plain arch, being a succession of ndges coursing across the digit 
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transversely in a gentle curve is actually patternless and is a speaal form 
of open Jield 

Patternless configurations in some regions of the palm and sole may 
have an arched form though frequently they lack arciform courses and 
are termed open fields The middle and prosima! segments of digits rarelj 


/horl Loop Afcli 

: 39 — Time typical fioter pnnu whorl loop end Arch. 
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show truft ipat JFjms. tiiRTj: cnnfigicUjnns. he-ung nr^j}. fiiO/Ls. or. local, 

disarrangements of ndge direction designated as resftges. 

In the palm there are six configurational zones In each of these the 
configuration may appear as a true pattern of one or another type an open 
field or a vestige Figure 30 is a palmpnnt in which only two of these areas 
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are patterned: the fourth interdigital area, lying in projdraal relation to 
the interval between the ring finger and little finger, and the hypothenar 
area appearing in the lower part of the illustration. Both patterns are 
constructed as loops. The remaining four zones of the palm are patternless. 

Th e sole has eight regions in which local patterns may occur. The 
territories of six of these areas are included in the print reproduced in 



PiC 3t — Print ol anglit sole The traced lin» are lines o! mlerpretition. (From IViHcrl 

. The. cnnfigjxcaJdnn. in. the Inwec part ot the Uhistration. is an. open 
field, while the other five areas have true patterns — whorls and loops. 

The configurations of palms and soles, like finger prints, are highly 
variable among individuals, the variability expressing itself not only in 
the details of ridges but also in the presence or absence of definite patterns 
and in the types of patterns which occur. 

A consolidation of ridges in trUngular formation lies at the conjunction 
of three ridge systems of opposed courses. Variable in detail of construction, 
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these consobdations may conform to Galton s ongmal conception of 
deltas but even in the absence of a true delta formation a tnradiate struc 
ture IS apparent giving the name tnradtus to these features They haie 
been likened to three pointed stars each point being extended as a 
radiant \Vhorb on digits are each assoaated with two tnradu and loops 
have one (Tig 29) The palm and sole present tnradu (Figs 30 and 31) 
which are placed in fairly consistent positions in different mdmduak 
In palm and sole as well as in patterns of the digits the radiants are the 
ongins of lines of interpretation which are significant morphologically 

Other Patterjongs d. Nature 
There are numerous parallelisms in nature of dermatoglyphic con 
figurations and of mmutiae of individual ndges The analysis of what might 
be termed the geometry of biology is a field in itself * 

One of the most striking illustrations of dermatoglyphic parallelism is 
the form and arrangement of stnpes 
in some animals the zebra bemg a 
familiar instance (Fig 32) The bands 
ol pigmentation in the zebra andma 
negative fashion the light stripes 
separating them show remarkable 
resemblance to the configurations and 
minutiae of epidermal ndges The 
stnpes have ends and forkings which 
simulate minutiae and there are 
triangular consolidations of stnpes 
which resemble tnradu The several 
{Traud j irm a areas presenting unlike directions of 
stnpes might he likened to con 
figurational areas in a palm or sole In some zebras there are regional 
organizations of stnpes that may be likened to dermatoglyphic patterns 
and vestiges 

Hair arrangement also is suggestively similar to dennatogl>’phic 
configurations Hairs are projected at a slant from the skin In a restncted 
region of the body the hairs slant m a common direction (Fig 33) but 
adjoining regions may present quite different slants as exemplified by 
the partmg of the hair of the scalp and the occurrence of one or two 
whorls on the crown Other regions of the body likewise present local 
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distinctions of hair arrangement, and though that arrangement accords 
with a common general topographj, there are individual differences The 
areas m which the hairs pomt uniformly m one direction may be compared 
to open fields of the dermatoglyphics The crown whorl and similar con- 
figurations elsewhere are patterns, and the irregularities localized at the 



Fig 33 — lUir streams on the back of a bumao Cetiu the pointing c( the hairs being ind cated 
by arrows (From £,«dinc) 

points of juncture of three or four areas of different hair slants correspond 
to tnradii 

■Li'fce 'bands ol pigmentation m fhe zebra, the ridged elevations lormed 
on the shell of the argonaut and on the giant cactus of the West present 
bifurcations and ends resemblmg the minutiae of epidermal ridges 
Inanimate nature IS not lacking m smular illustrations Sand whipped b> 
wind or waves, may show ndges conforming with surprising exactness to 
the characteristics of epidermal ndges, with forkings, enclosures and ends 
(Fig 34) Similarly, some cloud fonnaUous exhibit bands with ends and 
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forkings Periodic precipitates (Liesegang rings) resulting from diffusion 
into a gel of a substance reactive witb another substance contained in the 
gel, behave under some conditions like the lines of cellular proliferation 
\«hich produce epidermal ndges If the gel is 
contained in a capillary tube of uniform 
bore and no disturbing factors modify the 
reaction, the passage of the diffusing solu 
tion IS marked by a succession of regularly 
spaced discs 0! precipitate which on edge 
view are seen to be perfectl> plane Vana 
tions in caliber of the tube or sudden 
changes in temperature produce narping 
other irregulanties of these discs* which 
as shown in figure 35 are tn edge view 
curiously like the irregulanties of epidermal ndges 

The physical principles responsible lor the configuration of wind swept 
sand, banded clouds or of periodic precipitates are probably simpler in 
their operation than the factors which underlie the production of dcrmato 
glyphic configurations and tjdge minutiae Nevertheless the forces con 
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Pig 35 — Periodic precipitatei in a cspUlarr tube conta mn* 05% wdjum lod de 
gelatin the reaction bemg produced by dUTuson ol 10% ijver nitrate ihrotub the get The 
irregularities of the precip lation discs in the nght hand lecHon of the tube are the result ol 
a sudden elevation of t«ni’«rature from »o* C. to 40* C (Courleiy Dr Ebt» J Ct*‘J ) 


cemed may prove to have more in ainunon than mere outward resemblance 
of their effects 


Skin Creases 

’•-'^exion creases are not components of dermatoglyphics, but they are 
significant because of peculianties of epidermal ndges coursing in them 
The flexion creases of the palm are the “lines" of the palmist Several 
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major creases cross the palm Other creases occur at the wrist, at the 
junctions of digits mth the palm, and in relation to the joints between 
the phalanges of digits Flexion creases are present also on the sole, though 
with the exception of those assoaated 
with the toes they are not conspicuous 


represent the location of firmer attach 
ment of the skin to underlying stme 
tures, and they are regions which 
remain relatively fixed during move 



?JO 36-— A finger 
pnat ahowmjg white 
IlB«S 



ment 0! the parts There occur also, and more frequently 
certain groovings produced by bulling of the skin rather 
than by motion m flexion From their appearance in prints 
such furrows are known as white Une s (Fig $6) 

ileiuon creases ate associated with localued deficiencies 
of ndge fonnation (Figs 26 and 37) A series of ridges 
transected by a very narrow crease may appear sharply 
inased Within the wider Qenon creases ridges may be 
abruptly turned in their courses and typically they are 
broad, low and frequently interrupted Their suppression is 
sometimes so extreme that ndge structures are not apparent, 
either m direct examination of the skin or in prints The 
defiaent ndge formation noted in a flexion crease eiidently 
IS developmentally dependent upon factors associated with 
thft. cxeaae casA. <1 ks&. i.y.'viXsaJA'i 

m figure 38 The proximal interphalangeal flexion creases 
of this finger are normally present, but in the area where 
the distal creases would be expected the pnat shows no sign 
of them The ridges m this region are typical in structure 
and course The distal interphalangeal joint is congenitally 
not movable, though the X ray shows the joint to be 
present 


m later life 
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Histology 

The skin of the volar regions like skin everywhere is composed of two 
main layers epidermis and dermis or cortum (Fig 39) The epidermis 
the superficial layer is subdivided into several strata having different 
structural characteristics Its outermost layer is the stratum corneum 
composed of an accumulation of dead comified cells that constantly 
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In the intermediate strata the cells undergo progressive comification as 
they approach the stratum comeum Eveo epidermal cell begins its life 
history m the deepest part of the epidermis and is gradually shifted to the 
surface, the comification occurring in the course of its migration 

The plane of junction of epidermis and dermis is not smooth It presents 
closely dovetailed irregularities of the two layers The irregularities of the 
dermis are blunt pegs, dermal papillae, composed of more delicate con 
nective tissue than that of the mam thickness of the dermis In addition 
to its framework of connective tissue, a papilla enlodges tufts of capil 
lanes which are brought into close functional relation with the epidermis 
It IS thus that the epidermal cells receive their oxygen and food supply and 
deliver their wastes to the blood and lymph Other dermal papillae 
possess nerve endings whidi serve the sense of touch, such endings being 
mote numerous in the volar skin than in other regions 

The dermal papillae are arranged in double rows Each double row 
lies deep to a ndge of the surface, and presents the same variations of 
direction and minutiae The presence and characteristics of epidermal 
ridges are determined from their first formation in the fetus, by proUfera 
cions of cells in the zone of epidermis which is mvaded and molded by the 
dermal papillae If a wound or disease process destroys the skin within 
the level of this zone the original ndge characteristics can not be restored 
WTien the damage is more shallow the effacement of ridges in the involved 
area is only temporary 

The thicker portion of the dermis beneath the level of papillae is 
composed chiefly of a denselj woven feUwork of connective tissue fibers 
Its composition and density may be best appreciated by recalling that 
dermis is the source of leather Vessels and nerves penetrate this layer of 
the dermis and the secreting parts of sweat glands which mamlj he in the 
still deeper subcutaneous layer, have their ducts extended through it to 
enter the epidermis 

The thickness of the skin and of its component layers v anes in different 
regions of the volar surfaces, and different individuals present variations 
of thickness in corresponding areas An idea of the dimensions involved 
may be gained from the following, measurements., made in a thin section 
prepared for microscopical study This section, selected at random, is 
from the ball of a finger of an adult male The sbn is i 8 mm thick 
measured from the summits of the epidermal ndges to the plane of junction 
of dermis and subcutaneous tissue The epidermis and dermis are of 
approximately equal thickness, if the measurement is made from the ndge 
summits to the limit of the deepest extensions between dermal papillae, 
the heights of the dermal papillae measure about o a mm The supetfiaal 
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layers of cOrmfied cells in the epidermis are o 6 mm in thickness, account 
mg for about two thirds of the depth of the epidermis as a whole 

Beneath the skin there is a layer of loose connective tissue and fat 
The looseness of this subcutaneous layer admits mobility of the skin, 
though mobility is restricted in the palmar and plantar areas as compared 
with most regions The layer serves as a padding, and it contains the 
secreting parts of sweat glands sensory nerve endings of a special type, 
and vessels and nerves which arc on their way to the skin 
* The secretion produced by sweat glands is mainly water It carries in 
solution sodium chloride, varying m concentration from o 2% to o 5%, 
ivith traces of urea and other salts Some methods of developing latent 
prints depend upon the presence of chlonde, which is concentrated on the 
skin by evaporation , in the silver nitrate method the reaction is the fot- 
I mation of visible silver chlonde 

Co^STANCY OF RiDGES AND TeeUI CONFIGURATIONS 
Epidermal ndges are developed in the fetus in what may be accepted 
as their fixed and permanent character (Chap 10) This differentiatio n 
takes place m the t hir^and fourth months of the fetal oen od. he nce it is 
impossible actually to observe the earliest continuity of the configurational 
features However, the processes of ndge development are such that any 
change subsequent to differentiation is highly improbable Observation of 
ridges m the same individual over long periods of tune make it certain that 
m postnatal life there is no sigmficaDt alteration in the details of ndges or 
m their configurational arrangements Dunng the penod of growth of the 
body the ndges enlarge keeping pace with the growth of the hand and foot 
Wentworth and Wilder (79) illustrate a senes of su pnnts of the right 
thumb of a child taken at intervals beginmng at an age of nearly five 
years, the last pnnt being made at 14^^ years Dunng this period of 
rapid bodily growth the ndges grew, as did the pattern as a whole, but 
without changing morphologically With the widespread use of sole prints 
and palm pnnts in registration of the newborn, observations more ex 
tended m time ultimately may be available Abundant illustrations of the 
permanency of derraatoglyphic features through later hfe are on record, 
and the experience of finger pnnt identification workers would add many 
more cases now unrecorded in the literature Galton (57) made repeated 
jjnntings of several individuals after the.Dassii(g of.veais but none of his 
time intervals approaches those to be mentioned Herschel first made his 
own finger pnnts in 1859, at the age of 26 He made them again at the age 
of 44 years, and for the last time at 83 The successive pnnts show no 
alterations of ndges and patterns A similar demonstration was presented 
by Welcker in pnnts of his own fingers and palms, first made in 1836 at 
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the age of 34, and repeated m 1897 Another case is that of Jennings (19), 
who made pnnts of his palm m 1887, wl^n he was 27 years old, pnnts 
repeated 50 years later display no alterations 

These and other like records give suffiaent proof of the uncbangeability 
of dermatoglyphic characteristics This permanency is one of the basic 
premises m the use of prints for identification Permanency furthermore is 
a keystone m various biological investigations of dermatoglyphics, 
including studies of inheritance, constitution and race The investigator 
may be confident that he is deahng with morphological characteristics 
which appear in the individuals always exactly as they had been from the 
first 

The permanency ascribed to dermatoglyphics terminates under usual 
circumstances, only with complete post mortem decomposition of the skin 
There are, however, some conditions in which the dermatogljTJhics of a 
living individual may suffer temporary or permanent disorganization 
The pnnts of dtsh washers, scrub women and workers in lime, plaster 
and similar substances usually show effects of prolonged exposure of the 
hands to alkali and water The ridges appear only faintly and are dis 
continuously printed yet the pattern type may be recognized by direct 
inspection of a finger, and clearly defined impressions may be made after 
these occupations are abandoned Comparison wnth earher pnnts shows 
that no alteration of the pattern or of ndge details has resulted 

Leprosy may produce cutaneous disintegration of greater or lesser 
degree (36) When the damage is slight and superficial the onginal 
characteristics of the skin may be restored Deeper invasion of the disease 
process permanently effaces dermatoglyphics in the region involved 
Excessive exposure of the hand to the action of 'k. rays may lead to similar 
damage of the skin 

Burns caustic agents and wounds produre no permanent effect if the 
injury is not deep enough to destroy the papillae Cuts and abrasions lead 
to varying degrees of damage to the ndges An extremely shallow linear 
cut may leave no perceptible permanent defect Should a wound be deep 
and extensive or should active infection occur, the ndges exhibit per 
manent interruptions and distortions assoaated with scarnng (Fig 40) 
As a rul e even slight iniunes mav be readily d istinguish ed fro m the skin 
creases which in prints appear as ‘ w hite lines ” 

Total destruction o! finger pnnts obviously would result in loss of their 
identifying characteristics The loss may not be total even when an in 
dmdual tries to destroy these evidences of identity Several notorious 
gangsters have made such attempts by seanog the fingers with acid or by 
cutting them (23) In these instances only small areas of the patterns 
are involved, and each digit retains suffiaent ndged skin to provide for 
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Its positive identification From the description of the thicknesses of, 
the skin layers it will be clear thatif ndgesare to be permanently destroyed i 
the skin must be damaged to a depth of about one millimeter More 
superfiaal injury leaves ummpaired the r^enerative deep portion of the! 
epidermis and assoaated dermal papillae 

A patch of ndged skin may be removed and successfully grafted in 
the same mdividual In a skin graft of sufficient thickness to include the 
epidermis and at least the more superfiaal portion of the dermis the 
ndges retain all their onginat qualities The first recorded case (35) is 
that of a man. who inadvertently sliced off a patch of skin from the thenar 
eminence Immediately he restored this piece to the raw surface and 
applied a bandage The slip of skin engrafted itself and the ndges were 
preserved A more remarkable case (37) is that of a patient m whom 



Tio 40 -~A <«n«i e{ linen pnatt »bo» ng cliwactmst e elfccit el >camng 


grafts were made to correct distortions and contraction of a hand following 
severe burns The surgeon interchanged patches of skin of a finger tip and 
an area on the palm Both grafts took,’ and in consequence the distal 
phalanx of the finger now bears apattem which originally bad been on the 
palm, and the palm carries the finger pattern, both unchanged except 
in the marginal zones of scar 

Another instance, made pubhc through Ripley s press feature Behtre It 
or A cl was thus described “Has 10 finger prints but only 9 fingers — He 
lost his thumb in an acadent and the thumb pnnt was grafted back on the 
palm 0! bis band ” Investigation of this case proved its authenticity * 

Perhaps the most spectacular case (20) of finger pnnt grafting is one 
in which the skin of all ten fingers was replaced by skin from the sides of 
the chest The operation, designed for removal of the finger prints, was 
successful insofar as concerned the grafting of ndgeless skin in their 
place — but its object was frustrated, sincx the man was identified by 
means of ndge charactenstics in portious of the middle segments of the 
fingers 

I The Ripley future appeared OD Max >7 *941 The sorBcon »ho petfonoed theoperation 
slates m response to a query from the authors that the case was an emergency and that b s 
only object seas to preserve the usefulness of the hand The shmof the tbumb was used la this 
repair because of its avaUabiCty rather than mth any aim to test the preservation of the 
thumb pnnt 
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METHODS OF PRINTING 


T his chapter provides an introduction to methods but only routine 
procedures of making prints for identification and for biological 
studies are to be descnhed E\ery worker finds that experience suggests 
details of procedure which ser\ejto advantage 

EquiPiiENT AND Supplies 

The matenals necessary for making ink prints are few and simple 
Several dealers handle equipment and supplies speually made for finger 
pnnt workers Though equipment may be purchased at little expense 
satisfactory results may ^ obta ned with largely improvised facilities 
The essentials «e lok cards or pape r roller, inking slab and a pressur e 
p ad for palm and sole print s Other equipment suggested later may be 
added for the convemence of the operator 

Before and after printing the skin may be washed with soap and water 
or the necessary cleamng may be done by wiping with a cloth moistened 
in gasoline kerosene benzine or alcohol The same fluids may be used to 
remove ink from the equipment but in cleaning the roller their prolonged 
action should be avoided 

The ink best suited IS pnnter s ink the job black of the trade It 
yields a dead black pnnt and the mixing oils ensure almost instantaneous 
drying Mimeograph ink may be used instead but it is hardly as satis 
factory Neither wnting ink nor stamp pad ink is suitable for the purpose 
For finger pnnt identification files standard cordr (Fig 41) measunng 
S X 8 inches have been generally adopted The cards are printed with 
spaces for registration of the prints in a fixed order and for written entries 
uniformity being an obvious requisite in identification files Fingers as 
well as palms and soles may be pnnted on paper of the size most con 
vement to the individual worker In selecting paper both durability and 
quality of surface are to be considered The paper should have enough 
body to be durable and at least one surface should be slightlj glazed 
45 
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If should not be too stiff to conform to the irregular contours of the palm 
and sole in printing In the authors collection assembled for biological 
studies the sheets measure 8*^ X ii inches The entice hand is printed 
on a sheet ^hicfa carries also along the lower margin rolled prints of the 
fingers arranged m the natural order The digital sequence is lerifiable 
by the plain prints registered in the impressions of the whole hand The 
sole prints in this collection are not similarly accompanied by toe pnnts 
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for reasons to be explained ScUagtnhaufen uses pnnted sheets measuring 
24 X 24 inches ruled into sections for registration of all areas of each 
subject In addition to spaces for whole pnnts of both hands and both 
feet he provides for separate impressions of several of the more critical 
regions of the palm and sole Spaces are ruled on the form for the complete 
senes of fingers and toes but the toe patterns are sketched rather than 
pnnted Ehmination of the multiple sheets which ate otherwise required 
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seems too small an advantage to compensate for the awkwardness of so 
large a form 

A roller is necessary for spreading ink Rollers specially designed for 
finger printing are obtainable, but the soft rollers used by printers and 
engravers also have the desired quahties The firm rubber rollers used m 
photographic work will serve, though they are not as satisfactory 

An tnkittg slab is a plane surface on which ink is rolled into a thin film 
The slab may be of glass, preferably plate glass, or a sheet of polished metal 
(e g , copper or brass) solidly backed with wood The size of the slab will 
vary according to individual needs and preferences Those in most common 
use are from 4 to 6 inches m width and from 10 to 14 inches in length 
A Ttgid plane surface upon which the card or paper is laid during the 
process of printing is indispensable A smooth table top or sheet of glass 
meets most requirements^n fingei>pnnt offices a part of the equipment is a 
special card holder, Svhich provides a ngid surface and exposes only that 
portion of the card in immediate use 

A pressure Juid instead of a jjgid'surface is recommended for printing 
palms and soles The^iad m^*be cut from a chair cushion or “kneehng 
pad” made of spon^ rubber B^<jfwse ^e pad is yielding it secures full 
contact of the hoTIow oft^e palm in printing Some other devices advocated 
for the same purpose make use of a ngid surface, a cylinder or a convex 
platform 

For printinl’^tuigefs and palms, a table of a height best suited to the 
standing of both subject and operator should be provided Such a table 
might be either an independent piece of furmture 42 to 45 inches in height, 
or a small platform giving this elevation when set on an ordinary table 
If much printing of toes and soles is to be done, the operator may place a 
chair for the subject on a platform raised to a height affording convenience 
in printing 

Procedures ie Making Ink Pretts 
General Directions The use in identification offices of a standard 
finger print card with spaces for entries of name and other information, 
makes almost automatic the routine of recording, data for each subiect 
For biological studies, where procedures are not thus standardized, the 
worker plans his own system of recording WTiatcver the details of such 
a plan may be, it is imperative that every sheet for one subject be properly 
identified with that subject, perhaps with an accession number referring 
to a catalog of the collection When separate slips of paper are used for 
printing areas singly (e g , toes) each slip must be marked also with an 
identification of the digit or region 
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Many biological studies are immediately concerned with some limited 
region of the dermatoglyphics, frequently finger prints alone However, 
the worker might profitably record the prints of &11 areas There are many 
biological problems which remain to be studied, and, since all ultimate 
needs of records are not foreseen, future disappointments may be obviated 
by completely printing the subjects while they are available 

The skin of the parts to be recorded should be cleansed and dned 
before printing The intervals of cleamng the roller and inking slab will 
depend upon whether the equipment is m use continuously or only 
occasionally In any case, their cleaning must be timed so that the ink 
will neither thicken on the equipment nor accumulate dust and hnt Such 
deposits interfere with the making of good pnnts 

A small daub of ink is placed on the inking slab and spread with the 
roller into a thin even film The requisite amount of mk can be deter 
mined only by practice After a few tndis the i^erattr.will have learned 
to use the optimum quantity, and will alie to gauge the amount 
needed for preparation of the slab aiHifor/epleni^femeotjUinDg continued 
pnntmg ^ 

In pnntmg some regions, cgieaall^'the fingere, the part » applied 
to the ink film directly Ink dings to Tlie ndge" suraJffits, TKe corresponding 
lines of depleted ink being apparent on the slab Unless unmarked film 
surface is available for successive imptessio^^he slab must be rolled 
again, for if two impressions are taken from thesamTSWiThe second print 
wilt be discontinuously inked 

The subject should remain relaxed and passive, giving the operator 
complete freedom in the manipulations 

The pnme objective is complete and dearly deapherable pnnts 
Improper inking poorly controlled pressures, and dragging across the 
paper are the common sources of imperfection The prints should be 
inspected as they are made, to check for possible technical defects Wlule 
the subject is accessible an imperfect record may be replaced, and steps 
may be taken to correct faults of tecbmque 

Fingees a plain, or dab, print is made by contact of the ball of the 
finger without rotation of the digit A railed print involves rotation of the 
finger both in inking and in pnntmg, to obtain a complete impression of 
the ball of the finger On a standard finger pnnt card the rolled pnnts 
are recorded within labeled squares, one for each of the ten digits (Fig 
4i) In other sections of the card the plain pnnts are added to vahdate 
the sequence of the separate rolled prints The plain pnnts are useful also 
as duplicate impressions, sometimes presenting details more dearly and 
truly than the rolled prints In plain '^nts, however, the patterns usually 



METHODS OP PEINTIJIG 4g 

are incompletely registered, and in some pattern types this incompleteness 
might lead to erroneous classification (Fig 42) 

In making a rolled print the finger is first placed edge down on the 
ink film and then rolled until the opposite margin is in contact. With 
this one roll the inking is completed The inking should extend from near 
the end of the finger to a level slightly proximal to the flexion creases 
of the distal interphalangeal joint The finger is next pressed edge down 
on the card or paper and rolled to its opposite edge ivith the same motion 
as in inking. Certain of these manipulations null be least awkward if the 
operator takes advantage of the anatomical adaptations to rotation of 
the hand and arm Thus a thumb would be placed ulnar edge donnnard 





and rolled towar^l^ body, and other digits are placed radial edge down- 
ward and rolled awaj? ifom the body 

The making of plain prints calls for no descnptmn, since the illustration 
of a finger-print card (Fig 41) is sufSdently explanatory of the imprinting 
of the four fingers of each hand together m one contact, and of the two 
thumbs in another 

Palms An impression may be made of the palm alone or of the palm 
and fingers, according to the chosen system of record Of several suggested 
methods for inking, the simplest is pasring the inked roller repeatedly 
over the whole area to be printed The followiog areas require special 
attention: the zone of flexion creases at the wrist, the ulnar margin, the 
flexion aeases where the fingers jtan the palm, the central “hollow” of 
the palm. Unless these areas ate inked and printed the palmar impression 
will lack critical features 
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Alter the inkrng is cotnpdeled a sheet of paper is laid on the pressure 
pad and the operator brings the ulnar margin of the subject s hand against 
it The hand is then rolled palm downward and pressed firmly agamst 
the pressure pad Pressure is exerted particularly over the centra! region 
of the hand and over the knut^es to ensure pnntmg of the hollow of the 
palm and the distal border Should the central region escape pnntmg the 
blank area m the pnnt will obstruct the traang of hnes of interpretation 
through this region If the distal palmar zone is incompletely pnnted 
the traang of these lines is impossible since their starting points are the 
tnradii lying near the distal margin Imprinting the ulnar border of the 
hand is important because of an occasional relabon of hypothenar 
patterns on this bojdsr^, A frequent pattern of the 
hj’^tbeoar region'IsaJoopwithitshead or enclosed 
extremity'^umcteil toward the ulnar margin (Fig 
The head bf auefi a pattem^rtaj^eoathe ulnar 
boruer instead e the fiat of the jialm and a pnnt 
of theiflat e palm akthe ‘npuld display no 
evidena of the existence pattern -A complete 
palm foriftl is to a rolled pnnt of a 

finger? } * 

Soles iW plain pnnt formedhy thefootinthe 
ordinal wetght-beanng wntact la a pnnt of the tread 
area There are individual variations in the extent of 
the tread area associated nith differences of the 
plantar arch and genera] conformation of the foot 

5 "”' “ 

tr«»d uca outlined w dctmatoglyphic record Figure 4j Is a traang of a 
Sy^nd ” oi pnnt With the tread area outhded to demonstrate 

“>« «on the extent beyond it of the area of ridged skin and 
the occurrence m this instance of significant con 
figurations along the tibial and fibular borders An ideal pnnt of the sole 
in which the ndged skin is completely recorded corresponds to a rolled 
pnnt of a finger 

The sole is inked by passing the roller over it as desenbed m palm 
pnntmg Care must be taken to secure complete inking of the digilo 
plantar zone (where there arc digital tniadii as in the palm) and of the 
‘iloriianh'ihiilrarhjoihers 'Tne pressure pabisuseb'to'ahi'arfcageiii'pinli. 
ing though other devices may give equally good results Uith the paper 
l>mg on the pad the fibular border of the foot is brought into contact 
and then the sole is rolled downward on the paper to complete the impres 
Sion of the tibial border it may be necessary to manipulate the pad and 
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paper against it Even with these precautions the sole print may be in 
complete The worker must then employ sonu expedient to secure impres 
sions of the inadequately printed regions It is possible for example, to 
reconstruct a total print from several regional prints of successive trans 
verse zones, the individual zones being printed independently on strips 
which are pressed around the inked foot 

Toes Toes are more difficult to pnnt than fingers, palms or soles 
E\en when the toes are not compressed and distorted, as they usually 
are, their shortness and limited mobibty are a decided handicap m printing 
Consequently, toe prints are lacking m most collections of dermato 
glyphics A set of toe prints is not likely to be techntcallj perfect but 
impressions adequate for study may be secured 

The toes are inked and pnn^ed one b> one on small slips of paper 
A separate slip for each print is tfipst con\enienl but care must be taken 
to mark it for identificatio?! of tK«?dig}t Ink ma> be applied with a small 
roller or by swabbing with -aojokeiJ rubber paddle The slip of paper is 
first loosely wrapped around ,ths ball of tie toe and then pressed against 
it, thus obtaimog an ^pression equivalent to a rolled print Some of tbe 
devices used for makiog fin^rtprints ok the dead might be applicable m 
toe printing These "^evices are “spoons ^ shaped to receive the finger and 
to hold the paper stnp ht prurting Th^lam toe prints which arc regis 
tered m the impression of the sole, 'except for the big toe are usually too 
incomplete to be of any use Often the pattern area makes no contact in 
pnnting, and sometimes no part of the toe is printed owing to displace 
ments assoaated with compression in shoes 

SpECiAt Cases In many hospitals the soles or palms of newborn 
infants are pnnted as a supplement to other more immediatelj serviceable 
identifying devices such as labels or necklaces of lettered beads The need 
to print infants arises occasionally also in biological investigations and 
in cases of questioned paternity Successful finger pnnting before the 
fifth or sixth month is practically impossible and difficult from that time 
to the close of the first year (204) Palms and soles are managed with 
less difficulty 

According to Pond (91), wiping with dtj gauze is usually sufficient to 
prepare the palms of newborn infants for printing He advises that when a 
persistent greasj paste remains it may be removed by a swab moistened 
with hydrogen peroxide The ink film must be spread thin since the ridges 
in infants are delicate l\itb the infant placed on a table, the operator 
straightens its fingers and then applies the inking slab against the extended 
palm The card or paper, backed by a supporting board, is then pressed 
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against the inked palm Pnntmg of soles is simpler, since they are accessible 
without mampuUtioa of digits 

Identification workers are familiar with various kits designed to bold 
equipment for printing, several types being supplied by dealers The bio 
logical investigator also may have need of a portable outfit for work in 
homes institutions or elsewhere away from the convemences of his labo- 
ratory It IS unnecessary to detail the design and content of such a kit, 
since the requirements for pnnting are the same as those outbned above 
and the only further need is convenient portability The operator will 
most likely wish to transport no more than the bare essentials for pnnting 

The occasion may anse for seoinng pnnts of a subject who is not 
accessible to the investigator If some person, perhaps the subject himself, 
IS nuUing to make the pnnts the necessary matenals may be easily sup- 
plied Ink may be rolled on n axed papdf tno^uch sheets being placed with 
their inked surfaces together An adequate number of these inked sheets 
paper, brief directions and samplefpnnts for guidance are all that the 
amateur collaborator will need ^ . 

ISKLESS Methods w*fjaNTr^ 

lokless pnnting may be caijied out ellhe; rnlb coDuneraall> available 
equipment (e g , the Faurotibr the KuSnVoutfit) or with matenals assem 
bled by the operator himself The advantages of the inkless methods are 
tbeir tidiness and avoidance of ofiendtng the sensibibties of subjects who 
object to being smeared with ink The outstanding disadi’antage of these 
methods is lessened control o! the operations m pnnting 

In the photo paper method (8j) a stock solution is prepared sodium 
sulphide, 25 grams, sodium hydroxide (sticks), 5 grams, soluble starch 
2 grams, distilled water, 100 cc The sodium sulphide and sodium hy 
droxide are dissolved in part of the water, the remainder of the water is 
boiled and the starch dissolved in it The starch solution is then added 
slowly to the first imxture, and the tnatenal is stirred vigorously and 
allowed to cool The working solution is made by adding one part of the 
stock solution to four or five parts of distilled water A blotter moistened 
with this mixture serves as the “inking slab ” The part to be printed is 
first pressed against the moist blotter for a few seconds, and is then applied 

fixed in hypo, washed and dned as m the usual photographic process The 
fixing may be done immediately or delayed for sev eral days if the paper is 
protected from light One user of the method has reported it to be sopenor 
to the ink method, espeaally in dealing with infants 
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Some investigators make pnnts in latent form In Bander s procedure 
blotting paper soaked with a light machine oil serves as the inking slab 
and the finger or other part is applied to it in the manner of the ink 
method The paper on which the impression is made is dusted inth the 
black powder commonly used in treating latent prints and then sprayed 
rrtth a fixing solution (alcohol 20 parts white shellac 2 parts sandarac 
gum I part) A&irailar method isemployed by MacArthur and Ford (ai6) 
who describe it as follows 

The first step consists of rubbing a hand lotion into the skin sur 
face a face cream is pTeferable if the skin is parliculailj dry The 
moist hand is then pressed lightly upon kimeogiaph paper [kymograph 
paper which has a glazed surface) laid on a rubber pad two or three 
impressions may be made after a single moistening A generous amount 
of very finely powdered and sifted lampblack rolled back and forth 
repeatedly over the face of the paper with a rocking motion develops 
very clearly the m%nsible ridge and sweat pore impressions The bulk 
of the excess powder is poured off and the remainder removed by a 
vigorous shaking after which the pnnt is fixed from the back, in a 
shallow tray containing a small amount of a solution of 30 gms of 
resm to one liter of 9^% alcohol The chief merits of this method are 
that It affords no incon\£metic« to the subject since it avoids com 
pletely any staining or eten a temporary d scoloratioo of the hands 
and It bnngs out details possibly better than does ink with young 
children whose fine ndges flatten with the least pressure 

A method involving use of photographic film is reported by Schott 
whose experience with Lapplanders convinced him of the need of aninklesa 
method when dealing mth peoples who shy from being smeared with ink 
Lanolin is rolled on a glass plate as mk is rolled in the ordinary method 
and the impression from it is applied to photographic film The film is then 
processed and prints made therefrom as m ordinary photography The 
lanolm is removed from the film by wiping during fixing Both the original 
impression and the processing may be done in daylight though Schott 
recommends storing the film in a light proof container until processing 
The \ ray is of occasional value in finger pnnt identification It is 
useful when other possibilities of finger pnnting fail as when pnnts are 
to be made from a body in an advanced state of decomposition The 
method has possibilities of application in biological studies Several work 
ers supply accounts of methods which are reviewed by Castellanos (122) 
Bnefly Btclere s procedure in dealing with a living subject is to smear the 
skm with lanohn the V ray opaque medium bismuth carbonate, is then 
applied and distributed by gentle massage The excess is wiped off and 
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the shadowgraph taken by the usual X ray procedure Other substances 
opaque to the X ray such as white lead may be employed The X ray 
shadowgraph (Fig 44) shows, m addition to bones and soft parts, the 
finer details of the skin surface the opaque medium having been retained 
in the sula and sweat pores 

\ alsik (99) utilizes an indirect form of X ray record in correlating the 
positions of triradii with the hand skeleton He affixes a small lead pellet 



Pic *4— AoXf*y fine«rt>ru)t {CoHtUsy of Dr fsraHCasUUaruts) 

With adhesive at the point of a tnradius and the X ray shadow of the 
pellet marks the location of the tnradius for reference to bony landmarks 

Equipsiext roR tiie Examination of pRrsis 
For examinations reqmnng a large working field, as in studies of palms 
and soles a reading glass or a loupe which is nom as spectacles will be 
useful though the low magnifying power of such lenses hnuts their effec 
tiveness A lens magmfying from four to five diameters is necessary for 
the inspection of pnnt details The selection of a particular form of lens 
mounting may be guided by the character of the work to be done For 
examination of finger prints there are several commonly used forms of 
mountings An excellent style (Fig 45) designed espeaally for finger pnnt 
work is in a threaded mount for focusing It has a horse shoe base slotted 
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to receive the ruled glass discs whidi serve speaal purposes in some finger 
print methods Rulings are available for coding pattern details as pre 
scribed in certain single finger print systems Another ruling, a straight 
line crossing the entire disc through its middle, is designed as an aid in 
counting ndges (Speaal ruhngs fitted for particular purposes might be 
supplied by the manufacturers One of the Amencan manufacturers of 



Pic 45 -—A recommended style of finser priot mogiufier shows in uie with a d sc id place 
{CourUiy of Bauuh and Lomk Opiteal Com f any ) 

optical instruments has supplied on speaal order a ruling for a study of 
breadth of epidermal ndges, the ruling m this instance being a one centi- 
meter 'une engraved in the center oi the disc") 

In counting ndges, whether with or without a ruled disc, an indis- 
pensable accessory is a needle with its head inserted m a convenient holder 
This IS used as a pointer in following from one ndge to another The tip 
of the needle must be sharp, since this pointer as well as the print is 
magmfied 
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ARRANGED according to the amount of available information con 
cermng them, the dermatoglyphic areas rank in this descending 
order fingers, palms, soles, toes It is not surprising that finger pnnts, in 
view of their wide application in personal identification, stand first in the 
list The fingers, moreover, are pnnted easily, and even investigators whose 
interests are not confined to identification have tended to neglect regions 
more difficult to record 


FUNDAMZNTAtS OP FiNOER PRCsT CONSTRI-CTION 
Finoer prist TopooRApn\ The finger print of conventional descnp 
tion IS a pnnt of the configuration of the ball of the finger The co nfigura 

y 




Fig 46 — Three basic types of fij 


tion IS incompletely registered since the rolling process is not designed to 
secure the impnnt of the extreme tip of the finger To introduce the pnnci 
pies of finger pnnt construction, altenlion may be devoted first to the 
three basic pattern t>’pcs distinguished b> Gallon — the ivhorl, loop and 
arch (Fig 46), choosing an example of each which represents the type in 
ideally simple form 

The typical v-horl is a generalized pattern which may be used to advan 
tage as a standard of reference It is distinguished by concentnc design 
The majonty of the ndges make circmts around the core, a pivotal feature 
m the interior of the pattern The whorl in figure 46 is completely and 
s* 
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continuously circumscribed by the type hues, here drawn as sobd bnes for 
emphasis * These type lines traced on the print according to conventions 
which are to be defined are the radiants extended from the two tnradii 
The area enclosed by the type lines (but continuously enclosed only m the 
meet whorl, to be charactenzed later) is the pallern area The type hnes 
are appropriately termed the skeleton of the pattern The form and design 
of the pattern are suggested by the skeleton much as the bony framework 
of an animal gives a clue to the form of that animal in the flesh If one 
were to hft away the type hnes and examine them without access to the 
remainder of the configuration it would be possible still to recognize 
the general character of the design The pattern area represents only a 
part of the whole finger print The region distal to the pattern area is the 
distal transverse system and the territory proximal to the pattern area is 
the proximal transierse system 

The (Fig 46) is simplerin construction than the whorl It possesses 
only one tnradius Instead of coursing in complete circuits as in the whorl, 
the ndges curve around only one extremity of the pattern forming the 
head 0! the loop Prom the opposite extremity of the pattern ndges flow 
to the margin of the digit, this extremity of the pattern thus may be 
described as open If the loop opens to the ulnar margin it is an ulnar loop, 
and if to the radial margin it is a radial loop 

The finger print with a loop pattern has the same topographic zones 
described in connection in(h the whorl pattern area, distal and proximal 
transverse systems These zones arc not delimited on the open side of the 
loop because there is no tnradius with which to establish boundaries 

The arch here illustrated (Fig 46) is a plain arch the simplest of all 
finger print configurations Though usually loosely referred to as a 
‘ pattern the plain arch is actually patternless The ndges pass from one 
margin of the digit to the other with a gentle distally bowed sweep which 
gives the name to the pattern type There is no tnradius and the three 
topographic zones of other fingerprint types are not distinguishable 

Triradii a tnradius is located at the meeting point of three opposing 
ndge systems In a typical whorl or loop such a meeting occurs at the 
conjunction of the three topographic zones — the pattern area the distal 
transverse system anil the ptoximal tiansveise system 


‘ The style of dravuig in figure 46 )s that comatonly adopted for illustrating conSsiirations 
under conditions in whicli ivdge details ate ait mportant The t>pe Unes oC finger pt nts and 
the correspond ng I nes of uiterprelation traced on a palm or sole are reproduced accurately 
and emphasued in the drawing while courses oC other r dges are filled in only sufCcientl} to 
portray the general aspect of the configurabon This method of drawing has the advantage of 
represeatmg the configuration stripped to its skeletal features 
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The term delta is often used as a qmonym for tnradius, but a dis 
tinction may be made between them on the basis of the arrangement of 
minutiae (71) A delta in the stnct sense is a tnangular plot, and the 
tnradius is represented by ndges forming its boundary A tnradius how 
ever may be present when there is no delta in the stnct sense, being formed 
m this instance by three ndges radiating from a common point In the 
usage here adopted no discrimination is made between these two mam 
forms of structural organization Since a tnradius is present even when 
there is no true delta, the term tnradius is used throughout this work 
This requires substitution of the term trir adtal toi nt (point of tnradius) 
for the more generally familiar point of delt^ a term which would be 
inappropnate for tnradu not assoaated with deltas 

The tnradius has a double importance in finger pnnt analysis First, 
the ndges extended from it are the three radiants, the type hnes above 
descnbed, they aid in interpreting the conhguration because they consti 
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tute the skeletal framework The other significance of the tnradius is that 
It provides a landmark (tnradial point) for ndge counting and tracing 

AU tnradu are assoaated with abutment 0! three ndge s> stems coursing 
in different directions The organization of ndge elements composing 
tnradu is vanable One of the more common tjpes of construction is that 
shown in figure 47,A-C, where three ndges radiate from a common point, 
the angles separating them being nearly equal Other v anelics ol construe 
tion are illustrated in figure 47 

In Its service as a landmark for ndge counting a specific feature of the 
tnradius is singled out as the triradtal point This point forms the outer 
terminus of the line along which ndges are counted In tnradu constructed 
as m figure 47,A-C, the meeting point of the three ndges is the tnradial 
point If there are two or more bifurcations, the tnradial point is located 
on the one nearest the core If an island forms a central structure (Fig 
47,E), that island is the tnradial point The corresponding locus in less 
orderly formations (Fig 47,G-H) may be ordinanly identified under 
companson with the simpler constructions 

A pattern may be so expanded that its margins encroach into the zone 
of junction of ndged skin and the generalized skm of the dorsum of the 
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finger In such cases tnradu do not occur in the expected relation to 
patterns, for the reason that their potential sites are devoid of ndges 
Though tnradu are not actually present their potential formation is 
predicated by the character of the pattern, and they may be descnbed as 
ex iraltmtlal , i e , beyond the hnat of ndged skin (Common examples are 
a&orded by patterns of the palmar hypothenar area and the hallucal area 
of the distal sole, less frequently is a pattern on a finger or toe thus 
characterized ) 

Radiants The three radiants of a tnradius are traced (though not 
necessarily marked) on the pnnt by following the ridges which issue from 
the tnradius In some tnradu (Fig 47,A C) three rays are easily defined 
as the starting points for tracing Otherwise, the starting points are the 
ndges which form the angles of the delta In following a radiant bey ond 
an interruption of a traced ndge, the tracing is continued on the ridge 
which IS in end to end relation or, if there is no such ndge, the tracing 
line IS transferred to the next ndge on the side auay from the interior 
of the pattern area,* similarly, in meeting a bifurcation the tracing is 
followed on the penpberal branch of the fork 

From their ty'pical association mth patterns the three radiants (Fig 
46) are named according to their relations with the finger and with the 
pattern the marginal radiant, passing to the digital border, the distal 
^a2ier» radianl, in marginal and distal relation to the pattern area, the 
proximal pattern radiant, in proximal relation to the pattern area The 
two pattern radiants may define a complete boundary of the pattern area, 
as they do in a whorl around which the proximal and distal radiants meet 
(Fig 48 — patterns 1, 4, 5 6) The pattern radiants may in\ade the 
pattern area (Fig 48 — patterns 7 8 13 14, 15) tVhen invading radiants 
become involved in the pattern design the traang is discontinued with 
the recogiution of this relationship if carried further, the tracing would 
only build a more nearly complete skeleton 

Cores The core is an internal feature of a pattern In a typical whorl 
the core, or hub of the enarchng system may appear as an island, a short 
straight ndge, a hook shaped ndge or staple, or as a arde or ellipse 
Some whorls ha\e duplex cores In a typical loop the core may be a single 
straight ndge (rod), a senes of two to several such parallel rods, or. 


* Tlus direction to stepoutirird ’to tlie trtdnsofndiantsbia accord with die procedure 
prejcribed by Henry In presenting a tmmcncal lystem for indexing finger prints, wherein 
the courses of radiants assume a special s gnificance Mans (69) modifies the prescriptions for 
tracing Accord ng to his mod fication the mle to step outward applies only to radiants 
forming outermost boundares of patterns, while in traong radiants which he within the 
pattern area there u a ' step wwaid ’ instead outward 
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among other common anangemeDts, it may be a ndge formed as a hairpin 
loop (staple) Characteristics of the core area are of speaal importance in 
single finger print systems of identification, since classification of the 
single impressions must be based upon the minutiae which are most hkely 
to be available in chance prints 

The poinl of core is a landmart for ridge counting It is not the core 
as a whole, but only a centrally located core element subject to a fixed, 
though sometimes arbitrary, definition In a loop having a single rod core, 
the distal tip of the rod is the point of core (Fig 53) If there are two rods, 
the one farther from the tnradius is the point of core, with three or any 
uneven number of rods, it is the tip of the central one, and if there are 
four or six rods the central pair is treated as descnbed for a two rod core 
In a staple core the point lies on the hmb opposite the della, at the junction 
with the distal recurvature of the staple The cores of other pattern types 
are analyzed according to the same general pnnaples Ridge counts as 
will be eicplamed, do not include the tnradial point and point of cote, their 
service being limited to the onentation of the line of counting 

Patters Types 

In the arch loop nhorl classification of Gallon any pattern having two 
or more tnradu w ould be assigned to the class of whorls This broad sense 
of the term '‘whorl” is still the standard in those biological problems 
which can be most satisfactonly analyzed by employing gross classes 
rather than refinements of classification For personal identification and 
for some biological investigations finer groupings are necessary The two 
usages of the term "whorl are distinguished here by quahfying as 
"true whorls those patterns of the Henrv classification cbaractenzed 
by concentncity WTien the term is applied without this qualification it 
IS used in the sense of Gallon, to include composites as well as true whorls 

Various workers have proposed schemes of classification of pattern 
types The principle of classification is similar to that of all branches of 
the natural sciences The mam groups are each composed of forms alike 
in some character or characters, but with differences which aUow for 
subdivision of the group For the present purpose it suffices to present 
tia tssftntJial'i rsJ. the. FUnxy dassificatuxuL and. nnmeoiiaJjirft The Henry 
system is more widely used than any other, and it is moreover the founda 
tion of the modified systems (47, 60) 

< In the Henry classificatum there arc four main types of patterns 
parches, loops, [true] whorls and oiniposites The composites as will be 
* shown, form a heterogeneous assemblage of patterns 
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In charactenzing pattern types frequent reference will be made to the 
sketches of 39 patterns assembled in 6gurc 48 References to the figure 
number will be omitted in this section, tne identifying numbers of the 
patterns being cited alone 

True Whorls True whorls typically possess two triradn, and are 
patterns so constructed that the characteristic ridge courses follow arcuits 
around the core A frequent configuration is a succession of rings or ellipses 
(Patterns i, 5) Another common arrangement is a spiral course (Pattern 
2) The continuity and expanse of the spiral in reference to the pattern 
area are variable and the direction of spirahng may be either clockmse 
or counter clockwise In some whorls a part of the pattern area may be 
truly concentric and another part spiral The shape of the pattern area 
may be either essentially circular or elbptical The periphery of the whorl 
determines the general shape of the pattern area The shape of the central 
part of the whorl may differ, so that a circular conformation of ridges 
Ml the VTsimediale neighborhood of Iht tote ma> he associated with a 
generally elliptical penphery, or the reverse 

Cores are of various forms an island, a short straight ridge, a small 
arcle or eUipse, two interlocked book shaped ndges or staples, and other 
less common forms 

The four pattern lypc have variable relations they all meet 
(Patterns i, 5, la) to arcumscnbe the whorl continuously, the two distal 
pattern radiants meet but the proximal ones do not (Patterns ii, 13); 
only the proximal radiants meet (Patterns 7, 8), there is no meeting of 
radiants 

The nord ‘ meet as just used, applies to a hteral joining of the traced 
type lines In identification practice under the Henry system three classes 
of whorls ate distinguished according to the relation of the proximal 
pattern radiants inside whorl meet whorl outside nhorl Arbitrarily, the 
tracing is from the tnradial point on the left side of the pnnt, irre«pectne 
of whether the digit is of a nght or left hand The tracing is carried from 
this “left’ tnradial point toward the nght The whorl is descnbed as a 
“meet” whorl if the traced line runs rato the proximal pattern radiant on 
the opposite side (Patterns i 8) or if the tracing is separated from it b> 
not more than two ndges either inside or outside the pattern radiant 
M hen the traang passes external to the opposite tnradial point, separated 
from It b) three or more ndges the pattern js an “outside” whorl (Pat 
terns 13-15) The pattern is an ‘inside” whorl if the tracing passes 
toward the mtenor of the pattern area, inth three or more ndges between 
this line and the nght tnradial point (Patterns 9, 1 1) Ridge counts may 
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tvon to Ignore the true position of tbe "left” tnradial point and of a 
non meeting with respect to radial or ulnar side, any study involving 
asymmetries of patterns will of necessity distinguish the radial and ulnar 
directions The same pnnaple applies to the descnptive designations of 
non meeting distal pattern radiants 

The size 0! a whorl may be described by its ridge count, the method to 
be detailed later Inspection alone shows that there are wide differences in 
the ^anse of the pattern area (Patterns i, 5, 12, 19, 26) 

•Composites Composites are compound patterns in which two or more 
designs, each conforming to the general aspect of one of the simpler types, 
are combined m one pattern area Two or more triradn are present There 
are four chief types of composites central pocket loops, lateral pocket 
loops, turn loops, accidentals — all, as before noted, being members of 
Gallon's class of whorls 

A central pocket in its characteristic form (Pattern 22) is essentially a 
whorl of reduced size lying m the intenor of a pattern area which is con 
structed mainly as a loop A central pocket is a pattern intermediate 
between a whorl and a pure loop (compare patterns 15, 22 and 29) Central 
pockets are classed as radial or ulnar accor^og to the direction of the open 
extremity of tbe loop They may be subdassified according to type lines, 
cores and ndge counts 

Lateral pocket loops^iVitUta 10) and linn loops are closely allied morph- 
ologically, either type being composed of tvio interlocked loops Tbe dis 
Unction between them is of importance in identification, but is ordinarily 
negligible m biological studies They differ mth respect to the coursing 
of ridges traced from the cores of the tno loops When lines traced from tbe 
two cores emerge on the same digital margin (radial or ulnar) the configu- 
ration IS a lateral pocket loop while if tbe two lines course to opposite 
margins it is a twin loop 

Accidentals are complex patterns, formed by combination of two or 
more usually unrelated configuration types — a whorl and a loop, a tented 
arch and a loop (Fig 42, A), triple loops and other bizarre configurations 
not assignable to the standard types 

Loops Loops already ha\e been characterized in the preliminary dis- 
cussion oi Gallon’s three basic types of patterns, and the distinction 
between radial and ulnar loops has been made Attention may be directed 
now to other criteria of classification applying equally to the radial and 
ulnar vaneties First to be distinguished are plain loops, loops which show 
no disturbed configurations suggesting aSmty wnth composites The plain 
loop (Patterns 23, 29) is composed of a succession of ndges which regularly 
follow a looped course, while “transitional" loops present abortne 
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expressions of more complex patterns For instance pattern 17 is a loop 
with signs of an accompanying degenerate loop, if this degenerate element 
were perfected the pattern as a whole would be a composite a twin loop 
Corresponding configurations but simulating degenerate lateral pocket 
loops are shown in patterns 20 and 31 A central pocket (Pattern 15) 
would be converted to a transitional form, of loop in the absence of recurv ed 
ndges between the tnradius and core (Pattern 22) 

Loops also may be classified according to size (as determined by ndge 
count) core construction and form of the pattern area Some loops are 
narrow in relation to their height while others are broad The plaang of 
the core with reference to the tnradius and the type bnes is variable, this 
vanation being independent of dififerences m pattern size The inclination 
of the pattern m reference to the digital axis also vanes Loops may be 
erect, in bne with the digital ans, or abgned obbquely or transversely to 
the digital axis — the range of slant thus being qo® 

AxcRES The plain arch (Pattern 39) is composed of ndges which 
pass across the finger with a shght bow distally There is no tnradius 
The tented arch (Patterns 30 31) has a tnradius, located in or near the 
mid axis of the digit The erect distal radiant is associated with abrupt 
elevation of the transversel> coursing ndges, forming the tent which 
gives the name to the pattern Both proximal radiants pass directly to the 
digital margins while the distal radiant usually terminates after .. short 
straight course though sometimes it recurves sharply as a staple There 
are still other forms of arches presenting tnradu arches which simulate 
diminutive loops (Patterns 32, 36) or much reduced whorls (Pattern 34) 
All such arches are distinguished from reduced loops and whorls b> the 
lack of a ndge count * 

TRA^SITIO^S BETVVEEN PATTERN TyPES 

\\ 1th infrequent exceptions a finger pnnt is ea 5 il> assignable to one 
of the chief types of patterns and usuaUy to a particular subgroup 
Now and then question may anse as to classification of a pattern — for 
example whether it is a central pocket or a loop or whether it is a loop 
or an arch In finger pnnt identification most decisions on such questions 
rest on arbitrary definitions which place the pattern m one or the other 
category ^\ere it not for agreement on standards classification files 
would be chaotic and the statistics of biological investigators could not be 


' JIairs proposes a metbod of couotuiz ndges la tented arches. The line of cmint u not 
eqmvaleot to that appbedm other patterns FIngerPnnt and Ident. Mag vol iS no 9 193S 
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utilized for comparisons * Rigid definitions are essential to minimize 
erroneous classifications In some biological studies however, modifica 
tions of these standards may be desicable For instance m a genetic 
analysis (154) the standard distinction between m arch and a loop which 
has a count of but one or two ridges may be meaningless and the worker 
may accordingly group these reduced loops with true arches It is assumed 
that the investigator who does not conform in all respects to the customary 
cntena will define his altered standards 

From the beginning of serious investigation of finger prints transitions 
between types ha\e been recognized and students of the subject have 
speculated on their significance Whipple (147) was among the first to 
search for the underlying causes of pattern differences and to trace 
affinities among the types She ascribes gross differences among patterns 
to variability in the lowering of the volar pads (Chap jo) Whipple 
reproduces a senes of nine finger prints illustrating progressive transition 
Irom a whorl m which all pattern radiants meet to a plain arch The 
successive connecting steps are whorls with disjoined type lines central 
pockets plain loops of progressive!} decreasing size tented arches 
Such a sequence must be selected from a number of finger prints One 
pattern can not be converted into another the senes being composed 
meiel} of descriptive transitions among patterns Falco (51) and Grune 
berg (203) also devote attention to the prinaple of transitions but the 
subject has been especially investigated by Mairs (69) His finger print 
family tree composed of 39 prints illustrates several lines of descent 
from the alpha whorl to the omega arch (Fig 48) the lines of transi 
tion being indicated by arrows For some of the pnnts (the middle vertical 
column) the configuration involves no reference to origin from right or 
left hands since all these patterns are symmetrical ^^ost of the patterns 
grouped in the other vertical rows are asymmetrical and for description 
it will be assumed that all prints are from right hands W ith few exceptions 
the prints were so chosen that the genera! form of each of the asym 
metneal patterns is matched in the opposite section of the figure by its 
mirror image of radial or ulnar agmmetry 

The more important sequences shown in figure 48 are (a) The middle 
vertical column (Patterns i 5 12 19 26) is a senes of five true whorls 
of different sizes each wnth meeting pattern radiants The smallest 
(Pattern 26) is indeed a whorl only by the last allowance of conventional 

* \niong the He nr ch Poll Paper* there s a record of an agreement between Poll and 
Bonnev e w th regard to the r interpretatioa pattern t>pes These two intesUgilors used 
M ndt and Kod ceks Dailyloscop e (Xienas 1904) for reference and agreed on the class f ca 
t on of each of the huger pnnts lUnstTateduiUinttoeTons plate*. 
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de&nitioo, being in its general aspect similar to the next print m the tow 
(Pattern 34), which by definition is an arch The plain arch (Pattern 
39), with no sign of a tnradins condudes the sequence of pattern reduc 
tion (b) The prints grouped to the right side of the middle vertical row 
show transitions from the whorl to the plain arch along another line, 
involving successively whorls with non meeting type hues composites, 
transitional forms of loops, pure loops, arches with tnradii Having 
assumed that these prints are from nght hands, the loops would be ulnar 
loops and other asymmetrical characteristics would correspond (c) The 
pnnts to the left of the middle vertical row show the same interrelation 
ships as those on the nght, and, assuming that the prints ate from nght 
hands, the loops are radials 

From the descnptive standpoint alone the sequence just traced could 
be read also 10 the opposite direction, from the arch to the whorl Com 
parative dennatoglyphics (Chap 9) gives evidence that 
the sequence from whorl to arch corresponds to an actual 
evolutionary order from the primitive to spcaahaed 
conditions (though it must be conceded that the deduc 
tion IS based pnmanly upon palmar and plantar patterns 
rather than those of the digits) 

Acadentals are omitted in the family tree (Fig 46) 
because collection m numbers suffiaent to estabhsh con 
nected senes is hampered by their infrequency and 
diversity Among the 50,000 finger prints compiled in 
table t, acadentals occur only 64 times, a frequency 
of 013% of all pallems Mairs (71), working with a 
collection of 411 acadental patterns, shows that they follow natural 
sequences which are no less orderly than those here illustrated for common 
pattern tjpes 

It appears that patterns are interrelated descnptively because their 
formation depends upon an otdexly system of developmental ciicum 
stances An occasional pattern may be irreconalable with this system 
The thumb pnat reproduced in figure 49 is an example of such an aberrant 
configuration * TTie pattern area presents an ulnar loop hanng a count of 
19 ndges There is nothing unusual in the configuration or position of this 
element of the print The peculiar feature is the radial loop, with a count of 
'ioarnigeSj'iyriigotAsrfie'ftieBDnirfi'prfirtemares "Secause iftYnesfrtrirmm 
of this smaller loop, question might be raised as to the proper classification 
of this print 

* Botli thumbs of this mdinduzl present the tame |rpe of canfigurzUou The dratriDg wss 
uzeed diTtcti? from n pbotognpbic raluxeincnl cf the pnnt, lozned b; PoQ. 
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Frequencies of Pattern Tvpes anp Digital Distributions 


The se\eral pattern types display unlike total representations, unlike 
frequencies on different digits and on right and left hands, and differences 
of frequency in the sexes Such dififerential trends are demonstrable only 
through statistical analysis of data from a series of individuals As will 
be shown in later chapters, the trends are modified to some extent by 
race and other constitutional factors The general trends are apparent 
in a series of 100 individuals or even less Table i is a compilation of data 


TABLE I 


Pescevt F2£^}Cl:^clxs• or Fivce* P«u.t Types in s 000 Inwvidpals — $0 000 litpEESsiohS 
(Daiajnm ScaOanJ lard, 1905) 
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from sooo individuals (mainly British) A collection of this size gives 
reasonably stable indications, for its particular raaal and sexual com 
position, of frequenaes of pattern types and their differential distnbution 
on digits 

Total FREQUzsaES of Pattebv Types The three Galton types are 
represented mth mdely different frequenaes In the Scotland lard 
senes (Table i), loops are roughly 70% of all patterns, whorls 25% and 
arches 5% With subdivision of these major classes, differences of fre 
quenty are disclosed also among the subtypes Of the five classes of 
whorls, true whorls are nearly four times as frequent as lateral pockets 
twin loops, central pockets and acadentals combined In this senes, true 
whorls ha^e a frequency of 20% of all patterns, while lateral pockets 
and twin loops together amount only to 3%, central pockets 2% and 
acadentals o 1% The frequency of ulnar loops, 64%, is about ri times 
that of radial loops (5 7%) Arches, nearly 5% of all patterns are com 
pnsed of tented arches and other arch types m the proportion i 7 

The whorls exhibiting (he character which Bonnevie (44) terms 
‘ twisting’ ment separate attention, >n view of the emphasis which they 
have received m studies of inbentance They are all double cored patterns— 
true whorls with two interlocked cores, lateral pocket loops, twin loops 
and acadentals Bonnevie finds, to a senes of 470 persons that 43 6 % 
of the individuals have at least one twisted pattern Mueller (221) reports 
an madence of 61 4% in Sat persons Both comment on the Lgh fre 
quency of twisted patterns on thumbs (Table 2) 

TABLE 7 

FsiQVEsats or D<JCBiE<oa£D PArrsLvs (tbx Tendevcv 10 Twisttno Botsure) in 
8}i Peesovs 
(J/Kdlw) 


In individuals 

1 Id digits 
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cored patterns 

Frequency | 

Digits 

Frequency 
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Distribution of Pattern Types on Single Digits In considering 
the digital distnbuUons of pattern types corresponding digits of right and 
left hands are combined (Table i and Fig 50) On every digit ulnar loops 
are the most abundant pattern, the frequency ranging downward from 
88% in digit V, 74% in III, 62% and 61% respectivelj in IV and I, and 
35% in 11 WTiorls, next in total frequency are most numerous on I 
and IV, 35% a^d 34% tespeclivety, Nihile 11 \s not much lower, 30%, 
III and V present a sharp reduction, 16% and 11% respectively Of all 
pattern types, radial loops have the greatest relative range of frequency 
among the digits They occur in 25% of index fingers, 3% in III, 1% m 
IV^ and in I and V they are reduced to very small fractional percentages, 

•lo 
lOO 
90 
flO 
70 
£0 
50 
40 
50 
20 
10 
O 

Digits 

Fk3 jo — Pre«jaetieii:» of wborl* ulncr loop» rail al loops and artha* otv mdiVKSual dv* t» 
{fiaiei on Scollani 1 ard 4 Ha for S<XK» fmons taMt I ) 

0 3 % and o i% Jlairs’ (71) data on the digital distnbution of his senes 
of 4ir accidental patterns arc more reliable than the data on 64 such 
patterns m table r They are accordingly substituted here, arranged in the 
order of descending frequenaes II, 703%, I\, i44%, HI, 97%, I, 
3 6%. V, t 9% (frequenaes based on percent of all accidentals rather than 
percent of all patterns) Arches likewise haie a wide range of frequency 
among the digits, but a lesser range than those of acadental* and radial 
loops Their frequencies for II, ni, I, H and V are ri%, 7%, 4%, 2% and 
1% in order 

Bimantjal Differences Whorls and radial loops are mor e frequent 
i n right hands , w hile ulnar loops and arches are m ore common in left 
hands The dextral excess of whorls is confined to true whorls, central 
pockets and acadentals, the greater frequency of lateral pockets and twin 
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loops IS in left hands Since the trend of bimanual difference of double loop 
patterns agrees with that of ulnar loops rather than that of true whorls 
and central pockets the affinities of double loops to ulnar loops may be 
closer in other respects (The occurrences of acadentals m flairs’ collection 
are nght 54% left 46% All digits except III where there is a slight 
excess m left hands show dextral excesses ) 

To summanae the data on digital distnbution (Fig 50) and bilateral 
unbkenesses the digits may be characterized singly The term whorl 
will be used in the comprehensive sense of Gallon 

Digit I presents the highest incidence of whorls There is furthermore 
an extreme bimanual difference in nhorl frequency, the right thumb bear 
ing the larger number The frequency of radial loops is reduced, in a 
proportion greater than the relati\c elevation of whorls in this digit 
Digit II bears more radial loops arches and acadentals than any other 
digit Of all radial loops, 86 6% occur here, and this digit bears 43 6% 
of the total number of arches and 70 3% of all acadentals (acadentals in 
Mairs matenal, m table r the value is 81 3%) 

Digit III has next to the greatest frequenaes of ulnar loops radial 
loops and arches, the abundance of these patterns being assoaated with a 
reduction of whorls 

Digit IV IS similar to digit I with respect to high whorl frequency and 
large excess of these patterns on nght hands 

Digit V presents the highest frequen^r of ulnar loops and minimum 
values for all other pattern types 

Methods of A^ALVSIS 

Data m a form such as that of table i may be restated m several 
indices and m the dactylodiagram The> do not meet the needs of biological 
studies which require analysis of pattern combinations in single individuals 
or in nght and left hands separate!} For these studies other forms of 
record are necessary The following discussion is coahned to simpler and 
more commonly used methods and extensions of anal} sis of statistics 
comparable to those included in the table 

Useful in the interpretation of finger pnnt data, as indeed m all 
analyses of quantitative results are the standard methods of statistics 
The comparison of frequenaes of pattern t}'pes m two populations, for 
example, ls aided by detemumng the standard errors of the percent 
frequenaes By this means the insestigator may judge the significance of 
an observed difference Among other useful statistical determinations 
are means with their probable enots standard deviations coeffiaents of 
vanation, coeffiaents of correlation and similar tests of assoaation 
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Pattern type Indices Furuhata proposes the whorl/loop index for 
application in a mass sample It is calculated by dividing the total fre 
quency of whorls b> the total frequenc> of loops (ulnar and radial com 
bined), the quotient being multiplied by one hundred to give an index 
value in a whole number Dankmeijer (280) prefers an index expressing 
the arch/whorl relationship The arch/whorl index appears to be the more 
significant in comparative statistics There is a reaprocal relationship 
m the frequenaes of whorls and of arches A rise in whorl frequency is 
associated with a drop in both loops and ardies but loop frequency is a 
less delicate indicator because these patterns are so numerous In the 
Scotland Yard series (Table 1) the whorl/loop index is 36 and the arch/ 
whorl index is 19 

(iS> 302) considers these indices inadequate for dealing mth 
trifold pattern types He uses the system of coordinates within an equi 
lateral triangle and, b> modification of the stereo manuar method the 
distnbution may be represented also as a triangular pyramid 

Pattern Intensity Arches loops and nhorls form a sequence of 
increasing pattern complexity This sequence has as its parallel an increase 
in the number of tnradii— the plain arch having none the loop one and 
the whorl, two The number of tnradu accordingl> is aiailable for a simple 
quantitative statement of paUtrn intensity (279) 

The \alue of pattern intensity may be stated either as the number of 
tnradii per individual (279) or as the average number of tnradn per 
finger (64) In either case the determination of the value in a mass sample 
may be made by compiling individual records of numbers of tnradu or by 
translating the data of total frequencies of patterns (e g , Table t) In 
the latter procedure, the determination of pattern intensity ignores the 
fact that an arch other than a plain arch has a tnradius that occasional 
loops have two tniadn, and that certain whorls (some composites) have 
more than two tnradu The number of tnradu is approximated by adding 
the frequency of loops to twice the frequency of whorls the total being 
divided by the number of individuals when the frequencies are in absolute 
numbers, or by ten for percent frequencies The Scotland Yard data thus 
yield an index of 12 i per individual or t 21 per digit 

IVhen individuals are evaluated ui terms of the index of pattern 
intensity the values range from o, all arches to 20 all whorls Uithin a 
collected senes the number of individuals in each index value is then 
determined This procedure provides for more extended statistical analyses 
based upon frequenaes of individual index values 

Mandars In some studies it is desirable to compile combinations of 
pattern types in single individuals and in single hands The device best 
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suited to this analysis and presentation of results is the manuar, developed 
by Poll (73) The manuar may represent pattern combinations on right 
and left hands separately (unimanuar) or on both hands of the individual 
(bimanuar) Kirchmair (348) originated the ambtmanuar combining the 
unimanuars of right and left hands in one diagram Any of these manuars 
may be illustrated as a table or as a stereogram 

The foUoivnng description of the method is confined to the bimanuar 
m its simpler form (Fig 51), a table for the entry of all possible combina 
tions of the numbers of whorls and arches in the finger print sets of the 
individuals composing a senes The pattern combination represented by 
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Arches 

Pk" 51 — ^ b manuar inth the percent freqoe-icie* oI finger print pattern combmat ona in 
individual (Oelu ex >041 Crrixeni frim PoU ) 


each space is shots n b^ the coordinate position of that space m reference 
to the indicated numbers of tthorls and arches The numbers of loops arc 
implied jn the remainders of these coordinate relations Thus the space 
o xhorls 0 arches provides for ten finger sets having loops only, the space 
/ dhorl 0 arches represents individuals with nine loops, and so on The 
numbers inserted in this example {Fig 51) are the frequenaes observed 
m a senes of 8041 Germans {15) The modal distnbution of the pattern 
combinations is indicated by the concentration of frequenaes at and 
near the lower left comer, since loops are the most frequent pattern type 
Frequencies dimmish toward the diagonal border of the manuar, and, so 
infrequent are the combinations trbicfa they designate, only in a much 
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larger senes would the spaces along this border be likely to contain entries 
I! it exists at all the rarest of combinations would be that of five whorls 
and five arches This combination would be expected if chance alone 
determined the coexistence of arches and whorls twice in about 500 000 
individuals Actually, the combinaUoa never has been recorded (73) 
The frequencies of combinations lying along the diagonal progressively 
diminish as the space j arches 5 whorls is approadied Accordingly, it 
may be postulated that genetic factors determine mutual exclusiveness 
of increasingly larger numbers of whorls and arches m the same indmdual 
Dactylodiagrail Another analytic method devised b> Poll is the 
dactylodiagram the example illustrated (Fig 52) representing the data 
from Scotland Yard (Table 1) The dactylodiagram is a five point graph 
of whorl and arch frequencies in selected couplets of digits The couplets 
plotted in the usual order of increasing whorl frequencies are V left and 
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t 10 15 eo es 30 35 40 45 

< Vhorls 


?>c —A dactylodjagrsin (Based eit S otland ) ard data for 5000 person table i 

right Hi left and right II left and right I left and IV left I right and 
right Digits II III and V are coupled as corresponding digits of right 
and left hands but digits I and I\ are treated differentl> because with 
respect to whorl frequencies I and IV of the same hand are closer to each 
other than is either of these digits to the corresponding one of the opposite 
hand Poll (i68) terms a couplet of corresponding digits a pair while the 
couplet I and IV of the same hand is a group the usual closer relation 
in the described pairs and groups is characterised as the pa%t group rule 
Some racial stocks are exceptions to the pair group rule digits I and I\ 
being more closely related as pairs than as groups 

The general aspect of the dactylodiagram provides for various com 
pansons involving pattern t>'pe frequencies on different digits The 
scheme is useful in disclosing trends which differentiate racial stocks or 
other selected populations Inspection of the graphs usuall> i' sufficient 
to determine differences but Poll favors measurements of certain angles 
of the dactylodiagram for more exact comparison 
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Ridge Counting 

Ridge counts are made (a) from tnradial point to point of core 
(b) from a traced radiant to a tnradial point, (c) along a Km line placed 
at nght angles to ndgcs for indirect measurement of ndge breadth 
End points are prescnbed m the first two applications 

Central Rules Accuracy in counting requires a magnification of 
about four or fi\e diameters AH counts are made along a straight line 



and since the count extends in many instances along a considerable dis 
tance an actual guiding line should be provided This bne is onented 
according to the rule applying to the particular count Though other 
straight-edge devices will serve, a convenient aid is the Uertry disc, 
inserted in the base of the finger print magnifier (Fig 45) A fine pointer 
IS used to pass from one ndge to the next along the line of count Except 
nascent ndges every ndge crossing the Ime is counted A ndge termination 
which meets the Lne is induded m the count, and on the same pnnaple 



when the hne cuts through a pomt of bifurcation two ridges are counted 
A ndge which terminates short of touching the hne is not included 
TniUAlilAt Poivi TO Poi^r or Core In fingerprint identification 
this is a standard count for subclassitjnng loops and in biological studies 
It IS applied to vanous pattern tjipes as a measure of pattern sise (the 
qmnlilaltve talm of Bonnevie) After locating the tnradial point and point 
Of core as outer and inner termini of the count the line is set m position 
to connect them The tnradial point and point of core are not included 
in the count The line of count for a loop is illustrated in figure 53 
In true whorls and composites there are two hnes of count instead of 
one and the adjustment of these lines calls for special attention to the 
moiphology of the configuration Each line leads from a tnradial point 
0 e nearer point of core Sometimes the determination of the pomt of 
core IS difficult Identification practice defines rules to guide ndge counts 
m these patterns (66) In biological anal>ses where the object of the count 
^ measure of pattern size the safe rule in doubtful cases is to 
m iu a line of count comparable to that applied m counting loops 
hen the core of a whorl is an island or a rod there is a comnson pomt of 
counts and if it is a circle ellipse or hook shaped ndge 
the limbs of the figure often are so placed that the locations of two points 
1* Chsily fixed according to the pnnaples which govern counts in 

oops The more complex cores of true whorls and especial!) the cores of 
a eral pockets and twin loops call for judgment m the individual case 
is seemingly impossible to construct generally applicable rules for 
speafic problem cases beyond stating the guiding pnnaple that the 
counts must aim to express pattern size on the same basis as that appl> ing 
in oops and true whorls In a double looped pattern for instance it 
hiay e justifiable to create an inner terminus locating it on a ndge which 
les midway between the cores of the two loops the selection of the pomt 
on that ndge will depend on the morphology of the two loops 

Triradii and Radiants Reference has been made to the traang of a 
proximal pattern radiant of a whorl to deterrmne whether the radiant 


courses into the opposite tnradius distal to it or proximal to it A count 
in instances where the radiant does not join the opposite tnradius is 
ma e between the traced radiant and the tnradius along a hne passing 
rom the tnradius to the radiant this line is approximately in the long 
^s of the digit m whorls with outer traangs and at right angles to the 
gital axis in whorls with inner traangs Neither the radiant nor the 
nradial pomt is included in the count The same pnnaple apphes in 
counting ndges between two traced radiants or between two tnradu 
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Counts per CENTiiiETER As an indirect measure of ndge breadth 
the number of ndges transecting a hne of fixed length maj be counted 
The best device is a glass disc for insertion into the base of the finger print 
magnifier and having in its center an engraved line exactly one centimeter 
in length ith the disc in place, the magmfier is onented over the print 
so that the line crosses ridges at nght angles One end of the fine is centered 
m the ndge with which the count is to begin Every ndge which meets or 
transects the Ime is counted, following the rules before stated The ndge 
touched or crossed by the opposite extremity of the hne is the last ndge 
included in the count 

Pattern Size (Quantitativx Value) 

The quanttlative value of Bonnevie (44) is determined by ndge count 
from tnradial point to point of core This value is an expression of pattern 
size, and though an imperfect one, it has proved useful especially in studies 
ofinhentance The quantitative \a!ue is recorded as follows two integers 
represent the ndge counts, one for that of the radial sde of the pattern 
and one for the ulnar side In an ulnar loop the only possible count is the 
standard loop count, but the value would be written so as to indicate the 
absence of a count on the ulnar side of the pattern, e g , iS-o In a radial 
loop the reversed notation eg, o-i8 shows that the count is on the 
opposite side The two counts m true whorls and composites are recorded 
in the same way, e g , 14 rS In arches, which have no counts the value is 
D*o To minimue the efiecls of arbitraiy elements in the rules governing 
ndge counting Bonnevie groups the counts in classes Begmmng with 
class 0, for plain arches, the classes ascend through 10 Class / includes 
patterns w hich hav e one or two tnradii but no ndge count The succeeding 
classes, with their ndge counts, are class z, i 2 ndges j, 3 4, 4 56, 
5, 7 8, d, 9 10, 7, II 13, 8 , 14 16, p, 17 70, 10 71 and higher 

The quantitative value of a pattern (in Bonnevie s onginal method 
since superseded) is half the sum of its two class values The class values 
of an ulnar loop having the count 18-0 are p o and the quantitativ e value 
IS accordingly 4 5, m the whorl having the count 14 18 the classes are 8 g 
and the quantitative value is 8 $ Either the onginal ndge counts or the 
class values provide for collective treatment of the charactenstics of 
individuals, of single digits, and of nght and left sides 

The adequacy of the class values, as just desenbed is questioned by 
Gruneberg (207) and Newman (225), in a later paper Bonnevie (154) 
acknowledges the defiaency One weakness concerns the treatment of 
whorls The larger count in a whorl, rather than the average of its two 
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counts, should be compared with the count of a loop Mueller (221) 
apparently without recognizing that his procedure series at least parth 
to offset the inadequacies of the ongina! Bonnevie method adjusts the 
vahes of aU typiral loops ha^ mg counts of three or more ridges bj adding 
25% to the actual count The second chief weakness of Bonnevie s original 
class values is the assignment to one class of aU counts greater than 20 
In his modification of Bonnevie s class values Newman assigns the value 1 
to patterns having a zero ridge count and \alues from 2 through 17 to a 
succession of two ndge classes In whorls these values appl> to the larger 
of the two counts The assignment of a class value of 7 to patterns having 
no ndge count is a questionable beginning of a senation which aims to 
measure pattern size in terms of numbers of ridges The class values as 



revised by Gruneberg properly begin at o for plain arches Patterns 
a^ng one or two tnradii but no ridge count (tented arches and the 
®re es which are transitional between true patterns and plain arches) 
ave the value 7 Beginning with class 2, each is a three ndge interval 
®ss 2, ridges i 3, class j ndges 4 6 and upward 
Vhether pattern size is analyzed by absolute ndge counts or bj class 
'’3 ues Its variability is like that of other bodily characteristics expressible 
la measurements In Roscher s counts of 3000 ulnar loops patterns of 
”^5os form the peak of the curve of distnbution o\er one third 
° ^ ® patterns lie within this range The descent to a maximum of 30 
ges is an even slope while the more frequent smaller loops elevate the 
apposite limb of the curve Figure 54 presents the distribution m another 
^mple of Gruneberg s class values for ulnar loops radial loops and whorls 
e curve of distribution of class values for ulnar loops is more depressed 
an Roscher s curve, because it is constructed from class values instead 
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of direct ndge counts, but the irregularity assoaated with the dispropor 
tionate number of smaller ulnar loops iS siimlarly e%adenced Radial loops 
exhibit a distinct shift to increased frequenaes in the lower class values, 
while whorls conform to a binomial curve 

There ate two chief dcfiaenaes in ndge counts as measures of pattern 
siae (a) The rules for ndge counting introduce aberrations of this measure 
The plaang of the line of count is governed arbitrarily by end points 
that maj shift without mfluenong the expanse of the pattern area Two 
loops may be of the same actual size, as measured by tie area included 
within the type hne, though in one the ndge count is greater because the 
core js located farther from the delta A count across the whole pattern 
area (Mairs’ ‘ full count’ ) might provide a useful supplement to the usual 
count between the two termini Arbitrary prescriptions for including or 
omitting ndges in the count seem to be necessary, and, in mass analyses, 
it IS probable that discrepanoes are equalized (b) The ndge count as a 
measure of pattern size, without a correction factor for standardization of 
ndge breadth yields an exaggerated value when ndges are narrow, and 
a mimhed value when they are broad 

Patters Form 

Pattems, even of the same type, are vanable with respect to form of 
the pattern area Some pattems are elongated in the axis of the digit 
and others are broad The variations in pattern form may be lihened to 
vanattons la proportionate breadth and length of the cranium— long 
(dohchocephalic), broad (bracbycephabc) and intermediate (mesocephahc) 
— or to vanations in bod) build In the same way that anthropometric 
indices express proportionate relations, such as that of cranial breadth 
and cranial length, the index 0/ pattern form indicates the ratio of breadth 
to height of a pattern 

JlETHODS Prints intended for measurements of pattern form should 
be made with care to minimize distortion of the pattern area in pnnting 

TABLE 3 

Vi»t«TiQv o» PATTr*> roan Ixdices e* Fmkts or the Sahe Index Fingei Hade wot 
D arzEEVr Pechees or Pkessuee 


(ifwflcr) 



Rolled prints 

Dsb prints 

Strong pressure 

61 

56 

Moderate pressure 

S8 

55 

WeAt pressure | 

S 7 

S 3 
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The pressure should be even and gentie throughout the rolling process to 
avoid foreshortening or narrowing of the pattern area The indices listed 
in table 3 show that patterns are broader in rolled prints than m dab 
process of printing breadth increases with 
added pressure In analyzing prints of >oung children it must be remem 
bered that pattern form may undergo change with growth Mueller (222) 
made repeated pnnts of four children aged two to six years through a 
period of 2^ years He reports variations of pattern form in the same 
digit amounting to as much as 15 points of the index and ranging down 
ward to i index point 

Determinations of pattern form were first made by Bonnevie (44) 
only her later modified procedures (i 54) are here considered Still different 
modifications are employed by Geipel (59 197) and by Cummins and 
teggerda (279) The differences among the methods lie mainly in onenta 
tion of the hnes for measuring breadth and height 

Ihe several methods have in common the use of one or another type 
0 ruled transparent plate This plate may be the commercially available 
g ss disc for insertion in the base of a finger print magnifier or it may 
e made by photographing a coordinate ruling The essential features 
® intended for this use are two graduated hnes intersecting 

a right angles The intervals of graduation providing they are constant 
4n sufficiently fine are immaterial since determinations involve proper 
mn rather than absolute values In the authors plates the intervals 
mm The two reference lines on the plate are named bast lute 
when oriented for the reading of breadth and height respectively 
The following directions are selected from varying procedures adopted 
y ifferent authors The pattern area is first outlined the traang being 
earned far enough around the distal boundary of the pattern area to 
mark the height of the pattern (Fig 55) Neither loops nor symmetneal 
meet whorls require speaal treatment in the height reading Most whorls 
^*^^*''SUished by non meeting of radiants hence the more external 
0 t e two distal radiants and the more proximal of the two tnradii are 
^ ected as landmarks for height measurement In an asymmetneal whorl 
f begun from the tnradms which is farther from the core 

■ e distal radiant passes inside that ansing from the other tnradius 
^ racing is made also from the second tnradius so as to mark the true 
®*g t of the pattern Since there is no pattern area defined in arches a 
peripheral boundary must be determined arbitrarily To establish a 
Penp eral boundary Bonnevie and Geipel trace a ridge crossing fixed 
I^mts (their 10 markings) on the base hne of the plate It is suggested 
^ a ridge which is representative of the curvatures near the center of 
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the ‘ pattern area might instead be chosen for tracing borne personal 
vanation m this selection is inevitable though the method meets the 
difficulty at least as satisfactorily as the choice of fixed points on the base 
line 

Orientation of the measuring plate vanes considerably in the practice 
of different in\estigators There is agreement among all workers in reading 
breadth as half or about half of the total breadth of the pattern area 
(Fig ss) Thus a breadth/height reading of 8/ lo would mean that the 
real proportion is 16+/10 The justification for so considenng breadth 
IS that loops have on only one side a fixed point for breadth measurement 
the tnradius There is agreement also in reading breadth of true whorls 
and other patterns with two tnradii on the side which yields the larger 
measurement Finally all workers oneot the base line through a tnradius 
(except in plain arches) 
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For measunng height alf workers abgn tbe axis of tbe measunng plate 
through the core Both Bonnevie and Geipel place the axis so as to conform 
to the direction of the core and surrounding central features (Fig 5^ A) 
The cores of many patterns slant and there is accordingly no fixed relation 
ship between the long axis of the digit and the directions along which 
breadth and height are measured A constant reference to the digital 
axis IS pronded by the method of Cummins and Steggerda For the reading 
of pattern height the axis of the plate is placed through the core and 
parallel with the digital axis and the base line is thus at nght angles to 
the digit (Fig jS B) Tbe distal interphalangeal flexion furrows aid in 
orientation of the base Une and pnnts prepared for studies of pattern 

The pattern form index of an individual finger — or the average of 
indices 10 a senes of digits tbe tea digits of an individual or senes of 
corresponding digits — may be assigned its place m a group classification 
Bonnevie defines these classes of fonn indices 
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59 Elliptical 

60-80 Intermediate 

81 Circular 

Geipel also considers three groups 

91 hiarroiv 

92 iTi Intermediate 

112 Broad 

In genetic comparisons of the ten digit averages Geipel alloivs an over 
lapping as follow s 

93 Narrow 

90-113 Intermediate 

1 10 Broad 

Bonnevie favors exclusion of the thumbs m computing the average 
form index of the individual holding that the extraordinary breadth of 
thumb patterns distorts the individual average Geipel considers that the 
ten digit average is not rendered inadequate by inclusion of the thumbs 
which with hiS method of measurement elevates the form mdex of the 
individual by $ 2 points on the average In the Cummins Steggerda 
senes of Dutch where pattern form was measured by a different method 
there is an equal diiTerence between the ten digit average and eight digit 
average (the actual value of the difference 4 6 being the same as in two of 
the senes from which Geipel compiled his results) 

Certain characteristics of pattern form notably the conformation 
of the interior of the pattern escape recognition in the index Bonnevie s 
onginal method of registering pattern form is concerned with the breadth 
and height of the central area alone Within patterns espeaall> whorls 
variations in form of the central area maj occur independently of the 
form of the pattern as a whole The internal ridges of a whorl may spiral 
or they may form concentnc figures The spiral and concentric figures 
may be arcular or elliptical and the ellipses may be broad or narrow 
sometimes much attenuated in the axis of the digit Again the central 
configuzaliniiL njay exhUnr. dnuhlft InopeA atcangpmeals or other localized 
peculiarities The recording of all such details necessitates the use of 
speaal descriptive methods 

Another feature deseiwing attention is the slant of the internal ridges 
with reference to the axis of the digit In loops the cores may be m line 
with the digital axis transverse to it or on an intermediate slant The 
angle may be readily measured with tbe interpbalangeal flexion furrows 
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TABLE 4 

Patters tout Isoices rv Tbree Smies DETEWfTfED by Dieieiiw BIethom 


Dipts 

Germaos *2oo-f- 

Norwegians 373 

Dutch 113 

Geipel 

Bonnevie 

Cummins and 
Steggerda 

I i 

iJS 0 

109 0 

8s 8 

n 

lol 6 

84 9 


in 

87 S 

So 2 1 

61 3 

IV 

94 7 

75 9 

S8 1 

V 

too 4 

1 

S9 0 


as a line of reference The angular relation may prove to have useful 
applications m biological studies 

Statistics The distnbution of the indices (ten digit aserage) in one 
sample is shown in figure 56 The average form indices for single digits, 
in this senes and in two other collections, are included in table 4 The 
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Pic s4~Pre<iueiicici o( the tiAttcn torn lod c«x m iij ir>4ivi4uBls (Data from Cumminttnd 
Suurrda ) 

data represent three national populations (Germans, Isor^egians and 
Dutch) Possibly the unbkenesses among the three senes are in part 
racial distinctions, but it is probable that the observed differences in 
pattern form are attnbutable at least raarnly to differences of method 
Nonetheless, the three sets of determinations indicate certain consistent 
differential trends among the digits, espeaally the increased pattern 
breadth of the thumb 

The mean pattern form indices of different pattern types present no 
significant differences among whorb, ulnar loops and radial loops, but 
the distnbutions of jndi>Tdu3l indices indicate a trend in which the types 
dimimsh m breadth m this order nhorb, ulnar loops, radial loops Arches 
are of course the broadest of all patterns tbis being apparent mthout 
measurement According to observations (197) on 315 males and 287 
females, there are no sexual distinctions in pattern form 
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CONTIGURATIONS OP MIDDLE AND PROXIMAL PHALANGES 
The few available studies of configurations on middJe and proximal 
phalanges indicate that further investigation will be profitable MacArthur 
(215) mentions a study in progress in wMch it is found that for the dis 
critninatioa of monozygotic and dizygotic twios these regions present 
“features of Ugh diagnostic value ” 

^Vh^ppIe (147) was among the first to direct notice to the inclination 
of ridges on these segments, pointing out that their configurations form 
two systems of slanting ridges with opposed directions, an arrangement 
regarded by her as a provision against sfipping in prehension Ploetz- 
Radmann was the first to make precise studies of these configurations, 
her scheme of description is adopted by subsequent workers interested in 
these regions (63, 129) 



Tto sr — Trv«s o( MOfigufatiooi ot muiaie and proxuD*! pliaJajiers (Xraetd from the prinit 
tlluitrelfi by Plo<li-RadMenn ) 

Floetz-Radmann differentiates four basic tyjies of configurations 
(^"58 57,A-D straight, hook, vave, orck), seven combination types (Fig 
S7,E-K) and another class compnsmg rate configurations which do not 
conform to any one of the defined types In figure 57 supplementary 
sketches distinguish the sub-types recognized by PIoctz-Radmann on the 
basis of directional characteristics 

Middle and proximal phalanges, imprinted by rolhng, are investigated 
m 200 persons by PIoetz-Radraann The two phalanges are separately 
formulated and the results brought together for various comparisons The 
majority (80%) of all phalanges, whether proximal or middle, bear one 
or another of the four basic types Endosures and feathered configurations 
are confined to proximal phalanges Qn ifigits I, II and HI the character- 
istic slants are proximo-radial, while digits IV and V typically slant in the 
proximo-ulnar direction. Arches are most frequent on digit III, next on 
digit IV. 
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TopociLAPm 

Anatomical Landmarj-s In describing palmar dermatoglyphics 
and m presenting methods of interpreting them it is necessary to make use 
of designations referring to the anatomy of the hand (Fig 58) 

Terms of anatomical direction 
(proximal distal radial and ulnar) 
are frequently employed in descnb- 
ing the locations of features and in 
indicating directions toward the 
respective palmar margins 

Inlerdiittal uitenaU the clefts 
between digits are numbered in 
sequence beginning with the inter 
val between the thumb and index 
finger 

Around the central hollow of the 
palm there is a senes of six eleva 
tions of varying prominence and 
evpanse Four of these are tnler 
dtgtlal pads, each Ijmg in proximity 
to an interdigital interval Inter 
digital pads are distinguished bv 
Fic 5* Anatom ca^Undmarki in palmar numbers each having the number 
of the neighbonng interval Inter 
digital pad I is the least prominent member of this senes being 
usually hardlj evident as an elevation The thenar eminence occupies 
a large share of the proximo radial quadrant of the palm, its elevation 
is due mainly to the location in this region of muscles which control the 
thumb The kypothenar eminence a more elongated elevation lying in 
<4 
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the ulnar portion of the palm is associated with muscles of the little 
finger though m its proximal region there is commonly a localized bulge 
representing a true pad which has the same morphological significance 
as pads of the mterdigital series (Chap 9) 

The major /exiOK creaies are fairly constant in their arrangement in 
different palms and those illustrated are useful as landmarks in descnplive 
dermatoglyphics The most distal 
bracelet crease typically coincides 
with the proximal limit of ndged 
skin Located at the bases of digits 
the metacarpo phalangeal creases 
form dividing hnes between the 
free digits and palm The radial 
longitudinal crease (the palmist s 
‘ line of life ) curves to embrace 
the thenar enunence and the region 
occupied fay mterdigital pad I The 
distal trans erse crease (the line of 
heart ) and the radial portion of 
the proximal transierse crease (the 
line of head ) form an incomplete 
proximal boundary of the region 
occupied by mterdigital pads II 
111 and IV The lesels of termma 
tion at the ulnar border of the 
distal and proximal transverse creases aid in defining zones for formulating 
palmar mam lines 

Deruatoglyphic Areas Corresponding to the described rehefs the 
palmar surface is divisible into dermatoglyphic areas or configurational 
fields Of these areas six (Fig 59) are included in the customary descnp 
tlve formulation hypothenar thenar and the four interdigitals Each of 
the areas is a topographic unit its individuality being expressed both by 
the existence in some palms of a discrete pattern and by the charactenstic 
presence of partial boundaries formed by tnradu and their radiants A 
palmar area is comparable to the ball of a finger with respect to its nature 
as a unit notwithstanding that the several areas are modified by their 
conjunctions and that their mdividuahty as units is sometimes obliterated 
completely The configuration of a palmar area is classifiable according to 
the general prmaples which govern the dassification of finger prints 

Triradii Charactenstically there are four digital Inradtt located in 
proximal relation to the bases of digits II III IV and V (Fig 60) In 
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radio ulnar sequence they are named a, b, c and d The two distal, or 
digital radiants of each tnradius embrace the dtgttal area the zone 
bounded by these radiants and the 
most proximal metacarpo-phalan 
geal flexion crease The distal radi 
ants thus embrace the base of the 
digit as they course to the inter 
digital intervals (in the instance of 
tnradius d in passing to the fourth 
^ interdigital interval and to the ulnar 
margin) The proximal radiant is 
directed toward the intenor of the 
palm and when fully traced this 
radiant is known as a palmar main 
line The four mam lines (Fig 63) 
originating from digital tnradii are 
named in radio ulnar sequenced B 
C and D — each letter corresponding 
to the designation of the respective 
tnradius but distinguishea by 
capitalization 

Axial Iriradti (Fig 60 1 ) are located most commonly at or very near 
the proximal margin of the palm m the interval between the thenar and 
bypothenar eminences They may occur how 
ever as far distal as the center of the palm 
palm may have one two or thrceaxialtnradii 
or rarely none A composite of X ray records 
of digital and axial tnradii (Fig 61) shows 
that the distnbution of axial tnradii is confined 
rather closely to the axis of the fourth 
metacarpal bone This confirms the general 
observation in prints that these tnradii, what 
ever their levels are confined to a zone aligned 
with the axis of the fourth digit The distal 
radiant of the axial tnradius may be trarxd 
through the palm and considered as a main 
line. T— namrid. fowx fJhn sgmhnL ni 

the axial tnradius, t) 

Tnradii which ate neither digital not axial 
occur m some palms in assoaation with certain pattern formations m the 
palmar areas Under some arcumstances accessory tnradii related to 
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mterdigital areas are recognized as origins of supplementary main 
lines 


Tracing and Formulation of Mad, Lines 
Baste Methods 

Tracing As they are traced on the palm print the mam bnes are 
marked with a fine pointed pencil ordinary or colored Lines A, B, C 



Fig 62 —a ser es of representative d eit*I inradu lUnstrat nz selection of the nd£e traced 
as a mam 1 ne The proximal rad ant is marhed a circle in cases (K.L P) hav two circles 
the ndge on the rad al s de is selected as the prox raal radiant 

and D ongmate from the respective digital tnradii as their proximal 
radiants, and line T is the distal radiant of the axial tnradius In cases 
presenting two or three axial triradii line T is traced from the proximal 
one 
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A mam Une is traced according to the same rules which apply to the 
traang of type lines m finger pnnts with the following supplements 
adapted to conditions m the palm 

(a) Selection of the ndge to be traced as the mam hne usuallj presents 
no difficulty (Fig 62), but occasionally the tnradial construction is such 
that either of two ndges appears equally entitled to recogmtion as the 
proximal radiant (Fig 62,KJ*,P) In such a case the ndge on the radial 
side IS arbitrarDy chosen as the 
beginning of the mam line 

(b) Interruptions of ndges are 
frequent and the tracing of a mam 
hue beyond an interruption is 
definitely prescribed Often another 
ndge is in a direct hne, and if so the 
traang is continued on that ndge 
Otherwise, the traang is transferred 
to an adjoining ndge m accord with 
the following rules If one of the 
two neigbbonng ndges has a closer 
spatial or hnear relationship with 
the ending the traang is continued 
on It If such discnmmation can not 
be made the general course of the 
mam line is projected visually, to 
detcrtnine wluch of these altema 
tives apphes when the sweep of 
the ndges is curved, the ndge toward the concavity is selected, when 
the course is relatively straight, the ndge is chosen which carnes the hne 
toward the ulnar side, rather than the radial or toward the distal margin 
rather than pronmally 

(c) The traang is made without aniiapatmg the terminal relations of 
the hne, to avoid bias in favor of traang lines either to the palmar margin 
or to fusions with other mam lines 

(d) Particular caution is excrased in meeting a flexion crease Imper 

feet ndge formation and altered ndge courses wnthm flexion creases 
(Fig 37), as well as lapses of pnnlingwitluii creases may require that the 
‘nircrr/g vmkm ukL vnqjiT/ailrf mcuti 'inrt ft \naxii iimtrft ‘Ait 'creiftt 

onto the ndge which is m most direct linear continuation 

FoRiniLATiON Completely (raced, the mam lines of a palm constitute 
a skeleton (Figs 64-69) comparable to the (Jiie lines of a finger pnnt 
The general aspects of the palmar configuration may be largely recon 
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structed from inspection of the mam lines alone (Fig 70), or e\en from 
the descripti\e formulation, since there 1$ so intimate a relationship 
between the mam lines and the other elements of configuration 

The formulation (classification) of main lines is based upon a numbered 
sequence of positions around the penphety of the palm, each traced line 
being descnbed by the position in which it terminates Numbers are 
applied to a senes of 14 intervals and points (Fig 60) The number se 
quence begins with the proximal part of the thenar eminence and con 
tmues around the proximal, ulnar, distal and radial borders of the palm 
Digital triradn and the axial tnradius are points (anal tnradius a, 
digital tnradu, d, c, b and a being numbered in order 6, 8, 10 and ra) 
Mutual fusion of tno main lines results when a tracing continues from one 
digital tnradius to another digital tnradius (Fig 63 lines B and C), 
each of the two mam lines is then formulated with the number assigned to 
the tnradius from which the other line arises When a line is traced to an 
mterdigital interval it is formulated by the number of that interval (for 
example, a hne Z> reaching the second mterdigital interval as it does id 
figure 63, IS formulated //) A hne terminating along the proximal margin 
of the thenar enuneoce anywhere on the radial side of the anal tniadms, 
IS formulated / The four remaining intervals, embracing the proximal 
margin of the hypotheaar eminence and the ulnar border of the palm are 
not limited by definite anatomical landmarks (Fig 60) The approximate 
iTudpomt of the ulnar border is determined as position 4 , often the proximal 
transverse flexion crease reaches this point, and the termination of the 
crease in any case is a helpful guide in estimating the extent of distal and 
proximal halves of this border The interval between positions 4 and z 
including the proximal half of the ulnar border and the proximal margin 
of the hypothenar eminence, is position j The distal half of the ulnar 
border is position which is itself divided into halves for more speafic 
formulation of mam hoes, the proximal half being numbered 5' and the 
distal half f Usually the dist^ transverse flexion crease ends at a level 
corresponding to the point separating 5' and 5' 

Having traced the four main hnes the s>mbols for their terminations 
are composed in a mam hne formula It is recorded in the order D, C, 
A, with periods separating the s>mbols In figure 63 as an example, the 
formula is 11 10 8 5' If it is desired to indude line T, its symbol (m this 
case X3) IS added as a fifth element in the formula 

Special Formulations 

The foregoing methods of formulation are basic, but several special 
procedures remain to be described 
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Dootle FoEinjLATiONS. Two drcumstances demand double formula- 
tion. In dual formulaiion two determinations are actually realized on the 
palm, while alternative formulation is used when the interpretation is on 
the borderline or doubtful Their symbols are distingiiished typographi- 
cally. The two elements in a dual formulation are separated by a slant line 
with the larger number first, while in alternative formulation the preferred 
interpretation is given precedence and the alternative element of the 
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symbol follows in parentheses. Examples of these usages are shown in 
figures 65-69. 

Absence or a Digital Tbiradius. In the absence of a digital triradius, 
a condition almost confined to triradius c, the digital area is not discretely 
bounded. The ridges in its territory are extended proximally as a 
progressively widening system of ardform ridges encroaching into the 
interdigital areas (Fig. 66). Each of the triradius, and necessarily of the 
corresponding main line, is formulated by the symbol O, standing in the 
formula in the place assigned to the mma line involved. 
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Abortive Main Lines Closely allied to the absence of a digital 
tnradius is abbreviation of a main line Line C is selected for illustration 
since it IS the one pnnapally involved In the degree of least development 
there is practically speaking no mam Ime at all though the tnradius is 
present This condition is formulated x regardless of the line involved 
A more frequent abortive state formulated X is that m which the proxi 
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mal radiant can be traced for a short distance It commonly forms the 
axis of a configuration resembling the tented arch of the finger pnnt senes 
(Fig 67) but with the convexity faang proximally rather than distally 
A third type of abortive mam line is formulated by the number of the 
tnradius of origin 8 in the case of line C The line recurves to fu«e with 

itself or with one of the digital radiants of its own tnradius (Fig 68) The 

distinction between a distal termination (position y or p) and the abortive 
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TEAa^G Main Lises eroit Accessory TaiRADn as Sctstituxes for 
Digital Triradh The standards for formulating mam lines require 
supplements m some cases The mam Ime formula is a descnptive record 
and the value derived from it in studies of mass samples exists largely in 
the fact that the formulation of lines D and A pictures the degree of 
transversahty of ndges in the distal area of the palm The courses of lines 
B and C add nothing of significance to the record of general ndge direction 
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Their courses are conSned by lines D and A and formulation serves only 
to describe local courses in the middle of the distal palm these being often 
circuits around mterdigital patterns For example (Fig 70 B) the formula 
1197s remains adequately descriptive of generalized ndge courses if 
E viA C VA wPiVAd. 5 ' 

There are fairly frequent accessory lines D and A which unless 
included would render the mam line formula inadequate for description 
of generalized ndge courses In figure 70^ line D fuses with an accessory 
tnradius associated with the fourth mterdigital pattern hne D in this 
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palm has two terminations (rr and 7) both of which are formulated In 
figures 70 C and 70 D the aspect of the distal palmar configurations is the 
same as in figure 70 A though in neither does line D fuse with a radiant of 
the neighboring pattern tnradius To make the formula complete the 
course of the radiant of the accessory tnradius must be recorded This 
radiant simulates line 2? both in course and in the position of its tnradius 
of ongm In formulating the accessory radunt a special symbol is apphed 
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the two elements being separated by a dash (eg rr 7) to denote the 
presence of an accessory radiant which assumes the character of line D 
though not fused with it It will be recalled that a true dual formulation 
(e g 21/7) always signifies fusion of hne D with an accessory tnradius 
An accessory radiant is not formulated unless it courses farther radially 
than does hne D, hence the more radial of the two positions indicated m 
the symbol invanably stands for the accessory feature rather than the 
mam hne 
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Line A presents an exact parallel to the situation described for line D. 
A radiant traced from an accessory triradius may fuse with line A or, 



FiC. 70 — Tracings from four right palms, illnctratiug x typical set of palmar main lines 
{By and three palms iR vhich accessory lines have more descriptive significance than the 
mam lines proper. 
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without fusion, rimulate a typical course of line A . If there is a fusion with 
the accessory triradius, the ordinary dual formulation (e g , ills") 
used, ^Vhen the courses of line A and of the related accessory radiant are 
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independent the symbol for formulation has its elements separated by a 
dash (eg ri 5 asm figure 70 D) An accessory radiant is not formulated 
unless It terminates farther proximo ulnanvard than does line A proper 
These special conditions involvmg lines D and A require that each 
pnnt be examined after routine traang of the main lines If accessor) 
triradii occur in relationship to second and fourth interdigital patterns 
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their radiants are traced to determine whether they should be included in 
the formula In writing the double s)mibol for either mam line the larger 
number is written first 

IvTERDiGiTAL Triijadii In defining digital tnradii emphasis is placed 
upon their characteristic location one at the base of each digit except the 
thumb Fluctuations from typical position introduce some modifi'-ations in 
formulating mam lines Displacement may be so extreme that in some 
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cases there is an apparent supplanting of digital tnradu by triradu occupy 
mg interdigital positions 

Tnradius d may be shifted radially to be in hne with the fourth inter 
digital interval and there may be also a distal displacement Similarly 
tnradius a is sometimes shifted in the ulnar and distal directions ^ot 
withstanding such departures in the posit ons of tnradii a and d their 
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proximal radiants retain the ordinary charactenstics of mam hnes 
Tnradu b and c frequently approach each other but there is coininonI> no 
difhculty m identifying their proximal radiants as mam hnes In an occa 
sional palm however tnradu b and c appear to be wanting being sup- 
planted by a single tnradius located in direct hne with the third interdigital 
interval 

Figure 73 demonstrates both apphcations of the rule for formulating 
these interdigital tnradu Thenileis Apply the usual means of formulating 
main lines when the proximal radiant of an interdigital tnradius assumes 



PALlfS 


99 

the character of a mam line When the usual means of formulation fail 
consider the digital tnradius as absent and include the symbol td m the 
main line formula placing it 'without punctuation in the space corre 
spending to its position Thus hne D m figure 73 presents no difficulty in 
formulation notmthstanding displacement of tnradms d its proximal 
radiant follows a course charactenstic of line D reaching position ti 
In the same palm the tnradius related to the third mterdigital interval 
is so unlihe a digital tnradius in position and direction of the radiants that 
the ordinary formulation does not apply The special formulation indicates 
that digital tnradu b and c are absent and that an mterdigital tnradius 
occurs in relation to the third inter\al ii oido 5 

Formulation of Axial Triradii 
Commonly there occurs a single axial tnradius at or \ery near the 
proximal palmar margin in the depression between the thenar and 
hypothenar eminences Some palms have two or even three axial tnradii 
lying at different levels in the longitudinal axis Rarely there is no axial 
tnradius Axial tnradii are distributed within a narrow field aligned with 
the axis of the fourth d git (Fig 61) Formula! on records the number and 
levels of axial tnradu In the palmar formula the symbol or s>mboIs for 
axial tnradu follow the mam line formula separated from it and from the 
succeeding pattern formula by dashes (see legends of figures 64 69) 

An axial tnradius at or very near the proximal margin is formulated i 
The most distally situated position of an axial tnradius near the center of 
the palm is I and one whidi 1 es at an intermediate level is i In the 
absence of an axial tnradius the symbol O is used and should there be 
question as to presence of a / due to incomplete printing the symbol ? 
indicates that the determination can not be made In some palms where 
there is no / the ndges of the thenar and hypothenar areas diverge in its 
expected position to form a parting p WTien two or three axial tnradu 
occur they are formulated in proximo distal order (eg It I ) the symbols 
not being separated from each other bj punctuation marks 

The distinction between t and t and between t and t is not always 
clear Lacking precise means of discnmination this formulation has proved 
the least satisfactory of all elements of the palmar formula It is possible 
that more refined methods might be developed to evaluate the levels 
Aorma Ford* suggests that the level of / be more speaficall> indicated 
her practice being to append to the symbol t the letter I wi or A the 
respective initial letters of low middle and high It will be apparent that 
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low and high should be considered as indicators of possible alter 
native formulations At least many cases of / (1) are instances which might 
be interpreted as t and m the same waj some examples of t (k) might 
otherwise be interpreted as t thus the formulae of these border line 
instances might be wrntten i (/) and / (/ ) in accord with the usual notation 
of alternative formulations 

Foruulatio'J of CovrrcuRATiovAL Areas 

The SIX configurational areas of the palm are formulated individually 
The configuration ol each area is recorded by a descriptive s>mbol and 
the senes of symbols is set dowm as the pattern formula in this order 
hypothenar thenar/mierdigital I interdigital II interdigital III inter 
digital IV When there is a question regarding classification of the con 
figuration type an aUemaltve formulation is made giving precedence to 
the preferred interpretation eg V(W) WTien a configurational area 
bears two discrete configurations it is formulated with a dual symbol 
a hypothenar area might have two patterns for example L^fV or a 
pattern and an arch 


Uypolhettar 

The prevailing directions of ndges of the hypothenar configuration are 
slants which approach the transverse in contrast with the generally 
longitudinal direction of the thenar system Typically there is a marked 
multiplication of ndges from a point near the center of the palm from this 
point ndges fan out over the hypothenar area 

The configuration of the entire hypothenar eminence constitutes the 
hypothenar system but the only configurations which are formulated are 
those of its proximal portion (8 j) This area bears the proximal hypothenar 
pad The area is approximately bounded on its radial side by a hne drawn 
from the base of the nng finger to position 2 of the palmar border It will 
be recalled that axial tnradii are distnbuted in close relation to this hne 
Axial tnradii are intimately assoaaled with the hypothenar configuration 
their radiants forming boundanes or penetrating the configuration 
WTien t IS present its ulnar radiant commonly divides the hypothenar 
configuration into distal and proximal elements (see duplex configurations 

PnisiARY Types of CoNFicuRATiavs There are three primary types 
of true patterns m the hypothenar area whorls loops and tented arches 
The other primary configurational types are not true patterns pLun 
arches open fields multiphcations and wstiges 



Trueu/ioris as in finger pnnts are distinguished by concentric ridges 
Typically, however, there are three tnradii instead of two The tnradius 
nn the ulnar margin may be cxtrahimtal, potentially present at a point 
lying outside the area of ndged skin The symbol for the whorl is H 
Whorls presenting spiral or double looped centers enclosed by a concen 
trie penphery, are qualified in formulation by adding r as a supersenpt 
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aymhols illustrated as to pnnts from right palms 

(f"*? 74) \\ horls having no more than eight ndges from the core to the 
nearest tnradial point may be formulated as small by using the symbol 
S’ instead of W 

Hypothenar loops are morphologically like loops of finger prints, but 
m the hypothenar area there are three instead of tn o directions of opening 
the radial margin, the ulnar nrargin , the proximal (carpal) margin The 
symbol for all loops is L, and supersenpt letters are added as abbreviations 
of the directions of opening U, L*, If (Fig 74) Loops having no more 
than eight ndges may be distinctively fonaulated, I 
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Tented arches m the hypotbenar area are morphologically like tented 
arches of the fingers, though here it is the general aspect of the configura 
tion rather than a ngorous distinction between tented arches and loops 
which governs the formulation Tented arches are oriented in three dif 
ferent directions, the concavity of the arch may face ulnarwards, radially 
or proximally (toward the wnst, carpus) The symbol for all tented arches 
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illustrated ay iis pnnty from ngbt palms 

is T, With a superscript abbreviation of the direction of the base T", 2 ^ 
and r* (Fig 74) 

Platn arches, a speaal form of open field, have an arched form as m 
finger pnnts A is the symbol for a plain arch, and the same superscnpt 
letters are used as m tented arches to indicate the facing of the concavity 
A" , a anil }{• '(tig 74'/ 

Open fields (symbol O) are amfigurations in which the ndges are 
essentially straight instead of arched Such configurations are exceedingly 
rare 

Vestiges lack the sharp recnrvatnres of ndges which distinguish true 
patterns, though well developed wstiges may show resemblance to 
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definable types of patterns Ordinarily a vestige is merely a local dis 
arrangement of ridges which converge abruptly or a system of straight 
and parallel ndges which differ m direction from those surrounding the 
vestige area The symbol for vestige is V, and when a vestige presents a 
recognizable affimty to a particular pattern type the symbol of that 
pattern type is prefixed, e g , JJV 

Some Special Variants of Patterns The hypothenar area maj dis 
play a duplex configuration two true patterns, a pattern and an arch or 
open field, two arches or two open fields Often the two configurations are 
separated by the ulnar radiant of an intermediate axial tnradius but 
they may be discrete even without this separation — discrete m the sense 
that from neither configuration do ndges enter the pattern area of the 
other In either case, each of the two configurations 
IS independent and it conforms structurally to one 
of the primary types The usual dual formulation is 
applied to signify the presence of two discrete 
configurations The symbols of the two features 
are separated by a slant, the distal configuration 
being recorded first Figure 75 shows a senes of 
duplex configurations and their symbols Quahfy Pjc 76 —a parathenar pat 
ing symbols to indicate patterns of small size *”* 

and pattern affinities of well developed vestiges follow the rules outlined 
for typical single configurations 

iS (symbol S) are double looped designs in which the tno 

elements are interlocked by a flow of ndges from one into the other 
(P»g 7 S) 

Complex configurations not assignable to an> of the tj^es above 
charactenzed are formulated as 1 

Patterns mtthin Patterns Whorls loops and sometimes other 
patterns may contain central configurations unhke the arrangement which 
gives character to the pattern as a whole, e\en an arch may enlodge a 
pattern within its concavity Thus an II may enclose a whorl like the 
central pocket in finger prints Since its general aspect is that of a loop 
It IS formulated as II with the addition of the s>mboI u (small letter, 
written on the same line rather than as a superscript e g , LV) Enclosed 
patterns are entitled to distinctive formulation only when they are of 
small size When an enclosed whorl or loop exceeds a ridge count of eight 
It alone is formulated as the hypothenar pattern 

Parathtnar patterns are assigned to the hypothenar area in routine 
formulation but are of doubtful morphological relationship to it (Chap 9) 
When the area is patterned it appears as a narrow distally opening loop 
on the radial side of the hypothenar area proper (Fig 7 ^) 
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Thenar and First Interdigital Areas 
The configurations of the thenar and first interdigital areas are closely 
related anatomically In these two areas the varieties of configurational 
combinations are (a) No indications of patterns or vestiges the thenar 
eminence and the adjoining territory bearing a continuous open field 
(b) A single pattern or vestige centered m an intermediate position with 
reference to the thenar and first mterdigit^ areas (Fig -ji) (c) A pattern 
or vestige in the first interdigital area the thenar configuration being an 
open field (d) A pattern or vestige in the thenar area, the first interdigital 
area being an open field (e) A pattern or vestige in 
each of the two areas (Fig 77) 

The patterns are -whorls and loops The vestiges 
are locahzed disarrangements of ndge course fre 
quently of the type shown in figure 78 The ridges 
composing open fields either course m a gentle cur%e ' 
or are sharply angulated over the thenar eminence y///' 

(Fig 71) The symbols are as described for configure 
tions elsewhere, the initial letters of the names of the 
configurations fV, L, V, 0 The directions of opening 
of loops might be indicated, but since the directions 
are nearlj constant such formulation is hardly profit f 
able A single symbol is used (or those configurations 78 — a com 

which lack a recognizable distinction of thenar and mon type of thenar/ 
first interdigital areas DuaHormulation is made when oetumlig* 'e ther 

the thenar and first interdigital elements can be 

differentiated, the symbol for the thenar bemgrecorded pany with s r>arate 
first (Fig 77) Bettmann presents detailed desenp ^''InwrdpuV 
tions of these configurations (-TroM Btumann ) 

Second Third and Fourth Inlerdigtlal Areas 
The configurational area lying between digital triradii a and b is inter 
digital II that between triradii b and c is interdigital III and the con 
figurational area between tnradii c and d is interdigital IV ^\’hen a digital 
tnradius fails or is much displaced the midpoint of the base of the corre 
spending digit affords a landmark separating the interdigital areas on 
either side The configuration of an interdigital area maj be a true pattern 
(wrhorl or loop), a vestige or an open field (including the special form 0/ 
open field known as a multiplication) In one interdigital area there maybe 
two configurations, each entitled to formulation The usual type of dual 
symbol is used in formulating an irtterdigital area presenting two patterns, 
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two vestiges or a pattern and a vestige — the feature on the radial side 
being wntten first, e g , Z,/I> 

Whorls (IV) of the interdigital areas are invanably of small siae and are 
accompamed by accessory tnradu 

Loops characteristically open into the nearest interdigital interval 
Other directions of operung are rare, hence formulation of these patterns 
does not record the direction of opening A loop unaccompamed by an 
accessory triradius is formulated or f if the pattern is small A loojvof an 
interdigital area is formulated as small when the ndge count across its 
greatest width is no more than six ridges, the count is made at right angles 
to the long axis of the loop, the termini being the mam line bounding the 
pattern A loop accompanied by an accessory tnradius is distinctively 
formulated, D (or d, if the count is no more than six ndges) 

Vesitges (K) arc conspicuous local disarrangements of ndges not con 
forming to the definition of a true pattern but suggesting an approach 
toward the construction of a pattern A \estige may be a group of sharply 
converging ndges ellipsoidal in shape tf comergences occur in both 
extremities, or a group of straight parallel ndges forming a distinctive 
field within a zone of ndges of different course 

Open fields (0) are patternless configurations The increased width of 
an interdigital area at and near the level of the digital tnradii (as in inter 
digital areas It and III of figure 72) is assoaated with curvatures of ndge 
course and with mulUphcahon of ndges, multiplication signifies a greater 
number of ndges at the level of increased width of the area 'Multiplications 
of this type are formulated merely as open fields because the multiplication 
IS more or less evenly distnbuted across the interdigital area con 
trasting with a localized region of multiplication wherein there is a con 
centrated spraying of ndges Such a relationship is accentuated by tracing 
the ndges which border the multiplying system Some degree of concen 
tratlon of ndge multiplication commonly occurs in open fields of the 
interdigital areas 11 and IV toward line A in the second area and toward 
hue P in the fourth (e g , Fig 71) In formulation multiplications of this 
type may be differentiated from simple open fields by using the symbol 
M instead of 0 In many biological studies no distinction is made between 
a multiplication and an ordinary open field 

For the occurrence within a single interdigital area of two vestiges 
two patterns, or a pattern and a vestige dual lormuiations are standard 
An interdigital area having only a single pattern or vestige may justify 
dual formulation when that pattern or vestige is neither centered within 
the area nor expanded to fill its whole width The symbols in such cases 
are 0/L, L/0, etc , the radial element being entered first in the dual sym 
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bol This pnnaple of formulation applies to any interdigital area, but only 
in interdigital IV is there noteworthy frequency of such conditions 

Other Methods op Formulation 
The foregoing exposition of methods of formulating palmar main lines, 
axial tnradii and configurational areas is largely extracted from an account 
of revised methods (85) published m 1929 Asa preliminary to the revision 
a study (84) was made of the error inadent to determinations earned out 
by the methods then current, and the revision was designed to mimmize 
inconstancy in formulation The revised methods have not been subjected 
to such a test, but it will be evident that there remain some points (espe 
aally the discrimination of vestiges and of the levels of axial tnradu) 
which are open to personal variation in interpretation A test of the 
methods would be desirable, earned out perhaps in the same manner as 
before, with several workers independeDtl> formulating a large senes of 
pnnts, made m manifold so that all workers would have identical sets 
Some suggestions toward revision of current methods already have 
been made, espeaally concerning more refined subdivision of the temuna 
tions of mam hnes Valsik (99) and Meyer Heydeohagen (219) subdivide 
position 3, m the belief that the portion of the palmar border ordinarily 
formulated under this one sj mbol is too extensive The latter author dis 
tinguishes three levels of position 5 instead of the current two 

Valsik is critical of the landmarks generally employed m formulating 
mam line terminations insisting that they should be confined to derma 
toglyphic features, presumably he would resort to ndge counting to 
define zones of the ulnar border Ride (91) uses ndge counting for this 
purpose He designates the tnradii by number axial tnradius / digital 
tnradii d, c, b and a are 2, 3, 4 and 5 respectively The zone on the radial 
margin of the axial tnradius has the value from o to 1 the extensive 
interval from the axial tnradius to tnradius d has the value from i to 2 
and so on through the first interdigital interval which has the value from 
S to 6 Ridges are counted between the consecutively numbered tnradu 
and the termination of a Une is expressed as a percent fraction of the dis- 
tance from the tnradius of the lower number to the tnradius of the next 
higher number Thus a mam bnc terminating at the midpoint of the ulnar 
border would be formulated as i 50 In determining the distance between 
consecutive digital tnradii. Ride finds that direct measurement is usually 
satisfactory, but he prefers ndge counting especially for the ulnar border 
where a curved line of count js drawn roughly parallel to that border, this 
line crosses ndges approximately transversely Speaal provision is made 
for the two intervals which lack one end point tnradius positions i 
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and 13 of the standard formulation In out opinion such refinement of 
method gives a false appearance of precision 

Other classifications are proposed bv Beletti Ferrer Lecha Marzo 
Pond, Sharp and Stockjs The methods need not be detailed here since 
they are adapted especially for personal identification Schlaginbaufen s 
method of descriptive classification (144) concerned mth number and 
placement of tnradii, is applicable both in palms and in soles 

■\Ietiuc Analyses 

The procedures of ndge counting for determining quantitative values 
of finger patterns and for obtaining an indirect measure of ndge breadth 
(Chap 4) are adaptable to the palm (and sole) Ridge counting also ma> 
be used as a measure of other dimensional relations for example the 
distances between successive digital tnradii or, as mentioned above in 
connection with Rides proposal, the distance between a mam line ter 
mination and a designated tnradius In some studies calhng for detemuna 
tion of certain dimensions absolute measurements are no less satisfactory 
than the tedious and time consuming method of counting ndges which 
IS itself faulty as a metnc procedure because of variabilityin ndge breadth 
Direct measurement is suitable when differences in total hand size are too 
small to be of any consequence as m compansons of all four hands m 
twins For compansons in which individuals of unhle hand size are con 
cerned, the method is obviousl) unsuitable (98) unless there is an appro 
pnate correction factor for the varjnng hand sizes 

Direct measurements hav e been made m sev eral studies In an anal> sis 
of bimanual differences (86) and in an attempt to determine whether such 
differences vary with handedness (331), the following procedure was 
adopted, supplementing qualitative compansons of the palmar dermato 
glyphics In ptepanng pnnls for these studies parliculai care was taten 
to minimize the error which is assoaated with variability m pressure and 
in spreading of the hand 

The measureiwenls involve distances between tnradii and between 
tnradii and certain lines (Fig 79) The instrument emplojed is a caliper 
having sharp points for fixation within tnradii and on lines and long jaws 
which serve as verticals for some of the measurements The following 
intervals are measured, the results being discussed elsewhere (Cl^p ii) 
(a) Intertnradial interval a b (b) Intcrtnradial interval b-c (c) Inter 
tnradial interval c-d (d) Intertnradial interval a d (e) The distance from 
tnradius d to the level of the marginal tennmation of line D measured 
from d along the line a-d to the point of intersection of a d and a vertical 
dropped to it from point D, this measurement and a d give the line D 
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tndex (0 The vetUcal distanct from ad\o the axial triradius or to the 
one most proximal if there are two or three axial tnradu (g) The distance 
from the axial tnradms to a vertical dropped proximally from tnradius a 
the interval being measured along a Lne parallel to a d (h) The distance 


D 



Fig 79— a rigiit palm iltiistratn* tcfcreuce ponts lot several measuremenU jnclud ng 
those {or determ nat on of the hne<D index. 

from the terminal portion of hue T to tnradius 0 measured along a ver 
tical intersecting line a d 

In her study of twins Mejer Heydenhagcn (219) introduces three other 
measures none of them having reference to fixed base hnes (a) The 
distance from tnradius o to the nearest major flexion crease, vanably 
the proximal transverse crease or the radial longitudinal crease (b) The 
distance from tnradius d to the distal transverse flexion crease (c) The 
distance from tnradius b to axial tnradius 
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Determinations of pattern form may be made in at least some of the 
configurational areas by the same methods as those used for finger prints 
Meyer Heydenhagen measures the breadth and height of loops m inter 
digital areas II, III and IV She places the axis of the measuring disc 
through the middle of the loop, and the base line through the nearest 
tnradius TCdth is read along the base hne from the axis to the tnradius, 
height IS read along the axis from the base line to the mtersection of the 
axis with a line traced around the pattern from the tnradius (usually a 
mam line, hut sometimes the radiant of an accessory tnradius) It will be 
evident from the topography of the palmar mterdigital patterns that the 
morphological " base ” of the pattern faces distally, rather thar^ pronmally 
as m finger pnnts 


Statistical Trends 

The workings of the methods of formulation may he appreaated 
through examination of a sample of mass data, a collection of 13&1 German 
males chosen from available unpubbshed matenals * Terminations of 
mam lines, occurrences of axial tnradii and configuration types of palmar 
areas are presented m tables 5 10 It should be understood that diflensg 
trends assoaated nnth race, sex and constitution xrould be disclosed m 
other samples However, as in the presentation of finger pnnt character 
istics the fundamental directions of vanation are here exhibited 

Matn Ltnes 

The hst of mam hne formulae for a senes of palms is talhed in two 
different ways One tally is devoted to individual mam lines the terimna 
tions in each of the seieral positions being counted Another tally is 
concerned with the mam hoes in combination, that is, a count of the 
numbers of different mam hne formulae, or combinations of mam lines of 
individual palms In the compilation, the second symbol of an alternative 
formulation is disregarded Dual formulations of line D have one symbol 
representing a radiant which extends farther radially than the other, it is 
this symbol which is talhed Dual formulations of hne A have one symbol 
representing a radiant extending to a position farther ulnarward or farther 
proximally than the other, this symbol is entered in the tally The stated 
choice of one symbol m dual formulations of lines D and A is governed 


• The Poll Paper* (15) include a coUeebon of palm posts and finger pnnts The fingej 
prints had been asali'zed and reported by Foil He had sot worked at all with the palm prints 
which have been since traced and formulated in accord with the Revised methods. * The data 
here recorded in tables 5 10 are from this aJIectioa. 
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by the fact that the general courses of ridges over the palm are best 
registered by this means 

Line T usually is not included in the tabulations, though it may be 
noted that its terminations are most frequently in positi on /j a nd next in 
12 and II The b'ne runs nearer the thumb in ng^ hands (86, 93, 293). 


TABLE s 

PrsCENT FRSQinNcrES or Tesuinations or Palilu Mam Lines in 1281 Geucan Males 
{Boldjaetd lypt tmphattitt the prepenierant ttrmtnehoni) 



Analysis of Individual Main Llnes Table 5 lists the percent fre- 
quencies of the several positions of termination The distribution of figures 
in the table* indicates that the four main lines have differential trends 
Terminations of line D are almost limited to the distal border, mainly in 
positions 17, p and 7 Line C terminates usually in the more ulnar regisns 
of the distal border and the distal portions of the ulnar border, the largest 
frequencies being in positions p, 7 and $" Line B carries this shift still 
farther. Terminations in the distal border are almost limited to positions 
7 and 6, and there is a much larger share of terminations in the distal 
part of the ulnar border than is the case for line C Line A continues the 
ulnar-proximal progression, since it nearly always reaches the ulnar and 
proximal borders of the palm. 

Line C is noteworthy for its relatively frequent absence and for its 
tendency to be abortive Closely allied to the abortive state is the condition 
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are perforce used though the method is obviously infenor to the mam 
hue index now to be described 

The main hne formula serves to describe generalized direction of 
ndges but of the four mam lines D and A are adequate to depict the 
general ndge direction in all palms A record of the terminations of lines 
D and A as combmed m individual palms is the main line index a useful 
and simple device (83) for recording the most sigmficant features of the 
total mam hne formula This index is m a sense an expression of the direc 
tion of a neutral line its inclination bemg determined by the courses of 
lines D and A The index is not a pri^rtion but a summation of values 
describing the courses of these two main lines Values are assigned to the 



positions used in the scheme of formulating mam lines (Fig 81) For line 
A the onginal numencal ^mibols of the ulnar and proximal borders are 
adopted as values with the single exception that value 6 is assigned to 
position 5^ It will be apparent therefore that the senes i through 6 
stands for a progressiie shift from longitudinal to transverse ahgnment 
of hne A Line D terminations are evaluated so that slants m the distal 
palm receive values which are essentially equal to those given correspond 
mg slants of line A Thus values 1 through 8 are substituted respectively 
for positions 6 through 13 in the scheme of formulation The index is the 
sum of the values of hnes A and D Reference to several examples will 

eluadate its descnptive service In a palm having the formula ii 5 

the courses of both lines indicate transvcrsality and the sum of the 
respective values (6 + 6) for these positions is an index very near the 
maximum Another palm with the formula 9 4 (for which the values 
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are 4 + 4) >s an intennediate slant between the trans\erse and longi 
tudinaf The association of the courses of lines A and D is not ngidl> fiied 
and their courses unlike the two examples ated maj not be of the same 

rank of trans\ ersahty The formula q 2 (values 4 d* 2) is an instance 

of this relationship and it will be noted that in all such cases the index 
IS as adequately expressi\e of the totaht> of ndge direction as in the cases 
where both lines possess the same value 

The mam line index may be computed from independent tallies of 
terminations of lines A and D but for statistical purposes each palm is 
rated separatelj In the German *«nes fTable 5) the average index of the 
1562 palms lb 8 66 Right palms alone average g 30 and lefts 7 82 As 
measured bj the index therefore transversahty is 21*^ more pronounced 
in right palms 

Axtal Tnradtt 

The frequencies of axial tnradii at the different levels and m vanous 
combinations in the German senes are hsted tn table 6 In a large majority 
of palms there is but one axial tnradius most commonly situated at or 
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very near the proximal border (<) Among the combmations of two tnradu 
in single palms tl and It^ are the most common Combinations of three 
tnradii are rare The lack of prca'ion in the method of formulating anal 
tnradu is to be kept in mind if lhe«e features are compared in raaal or 
other samples The exceedingly rare combinations of two tnradii lying at 
the same level (//, ff) denote the presence of parathenar patterns (Rg 76) 
or vestiges 

Cotijigurattonal Areas 

Hypothesas. Hypothenar configurations of the 2^62 palms corn 
posing the German senes are of 44 differently formulated tvpes (Table 7) 
The level of vanability compares closely to that of another senes (82) m 
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which there are 48 formulae for *827 palms Each of the primary types 
with Its vanants (Fig 74) is represented, and a number of the demed 
forms (Fig 75) occur 


TABLE 7 

FaEQVXSaSS OT THE TWM Of HyVOIBEKAK CoSTlCtJLlkTIO'JS IN ll8\ GEUIAN ilAUS 



The majont) (65 7%) of these hypothenar conhgurations are plain 
arches, chiefly and vestiges occur in i 4% of the cases, and the 

remainder (32 g%) are patterns of vanous types The frequenaes of 
pattern types are tented arches, o 4%, one loop, either alone or m com 
pany with a plain arch, 274%, one whorl, either alone or in company 
with a plain arch, 2 2%, two loops, S patterns and varied combinations 
2 9% Counting plain arches vestiges and true patterns together, 71 4% 
are single configurations and 28 6% are duplex (or tnplei m a few m 
stances) True patterns are shghtly more abundant in right palms than m 
lefts, the respective frequenaes being 35 4% and 304% (The values hsted 
in this paragraph are obtained /rran absolute frequenaes in the onginal 
data, thus avoiding the error inadent to summation of percent frequenaes 
for the numerous types, as hsted m table 7) 
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Thenar and First Intebdigital Table 8 lists the configuration 
types o! these tT\o areas in the German series Eighteen different formula- 
tions are required Both areas, m 85 1% of the palms, lack vestiges or 


TABLE 8 

Fsequevcies or the Types op Cokpici»atw«s Qt the Thesae/Fisst Interdicital Area 
r\ laSi Gebmav ilAtES 
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patterns A vestige or pattern is present m one or both of the areas in the 
remainder, 14 g% The coeiustcnce of separate vestiges or patterns in 
both the thenar and first interdigital areas Is the most frequent relation- 
ship, amounting to 5 9% of the whole series of palms, in 2 6 % the thenar 


TABLE 9 

Fbeqvimcizs or the Types or CoKTicetATioKS or ras Sicovii avs Tbhld iNTZRDicnAi 
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alone bears a vestige or a pattern, and in i 2% the first interdigital is thus 
distinguished There are 5 2% of palms displa>nng a single vestige or 
pattern placed in an intermediate poatinn and not expressly assignable to 
the thenar or the first interdiptal area There is a distinct bimanual 
difference in the frequency of vestiges and patterns, the left palm having 
the greater number 
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SecO'tp, Thirp and Fo-urth Ikteedigital Areas Since there are no 
duplex configurations m the second auid third mterdigital areas of the 
German senes the number of posable configurational vanants is limited 
to the seven tj^es bsted in table 9 

Of the three mterdigital areas in the distal palm, the second area pre 
seats the lov.est frequenc> of vestiges and patterns In the German senes 
the patterns are invanably loops having an accessory triradius Of all 


TABLE ro 

FHXQCEvaES or iw* Tyfxs of Covnor»ATio\s or tHi Fousih Iktemicital Aiza is 
irSi Cekwas Males 
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palms in the collection, 6 6% best this type ol tonfiguralion Vestiges 
occur in s 1% of the palms Vestiges and patterns of the second inter 
digital area are more abundant m right bands than in lefts 

The third mterdigital area i> marked by a vestige or pattern in 53 6% 
of the palms The most common pattern is a loop (without accessory 
tnradius), occurring with a frequency of 45 8% A loop with an accessory 
tnradius is infrequent (i 0%) and whorls are extremely rare (o 15%) 
Vestiges amount to 6 7% in the whole senes Well developed patterning 
of this area js a distinctive trend of nght hands, but small loops and 
vestiges occur more commonly in left hands 

The fourth mterdigital area (Table 10) shows a relatively frequent 
occurrence of duplex combinations of patterns or vestiges, 4 7% Single 
patterns or v estiges occur in 55 8%of all hands The most common pattern 
type, whether single or in combination is the loop vnthout an accessory 
tnradius Loops with the accessory tnradius as well as whorls are more 
common than m the second or third mterdigital area There is marked 
bimanual asymmetry' of patterns and vestiges, 72 3% of the left hands 
beanng single and duplex combmations, as against 48 6% in right hands 
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Summary 

Each palmar mam line, notwithstanding individual variability, courses 
mthin a prescribed field Line D is extended radialv ard in the distal region 
of the palm, terminating along the distal border wth only rare exceptions 
Line C extends in a field charactenstically occupying only the ulnar 
portion of the distal border and the distal part of the ulnar border, this 
line IS distinctive in the frequency of complete and partial suppression 
Line B involves a still more ulnarward restricted portion of the distal 
border of the palm and m compensation there is an increased entry into 
the distal half of the ulnar border Terminations of line A are virtually 
confined to the ulnar and proximal borders of the palm The distinctive 
bimanual trends exhibited in main lines indicate a greater tendency m 
right hands toward transverse coursing of ndges The suppressed states of 
line C are more frequent m left hands 

The frequenaes of patterns and vestiges vary widely among the several 
configurational areas Combimng true patterns and vestiges (in the Ger 
man series here used as a sample), the fourth interdigital has the highest 
frequency (6o $%) the third interdigital next (53 6%), and there is a 
rapidly diminishing frequency from hypothenar (34 3%) to the thenar/first 
interdigital combined (14 9%) and second interdigital (1 1 8%) The follow 
ing areas display larger frequenaes of patterns in right hands hypothenar, 
second interdigital and third interdigital The thenar, first interdigital 
and fourth interdigital areas have lugher frequenaes of patterns and 
vestiges m left hands 
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S TANDARD anatomical terms are applied for designating directions 
and describing the locations of plantar features Dislal and proximal 
have the same meamngs in haod and foot, but in the foot the equivalent of 
radial is tibial and the equivalent of 
ulnar is fihular The terms tibiaJ and 
hbular are derived from the names of 
the two bones of the lower leg tibia 
aodfibula whichrespectivelyareonthe 
sides of the big toe and little toe 

CoNTiGXJiUTiovAL AREAS There 
ate eight plantar configuraUnnal areas 
(Fig 8a), which should be compared to 
the previously descnbed palmar areas 
The region of the foot corresponding 
topographically to the hypothenar emi 
nence of the palm is much more elon 
gated, occupying the fibular region of 
the sole and the entire heel The heel 
region is the calcar area of dermato 
glyphic topogTaph> The remainder of 
the hbular region of the sole constitutes 
Fig 8j— Topognpby or pUotar the Ay^ortenar area proper, this area 15 
coaSniit onal »re»s Broken lines mda diXlSlble Into distal and proximal SCC 

cate epproxunate boundaries. , , 

tions The homologue of the region of 
the thenar eminence in the palm is likewise elongated, and is separated into 
distal and proximal thenar areas The distal thenar area is a component of 
the tibial portion of the ball of the foot In the ball region there are four 
dennatoglj'phic areas, which in Ubio fibular sequence are hailucal (repre 
senting the distal thenar and _prst tnterdtgtlal combined), the second, third, 
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and fourth tnlerdtgtlals These four areas usually may be indi\iduaUy dis 
tinguished not only through the presen<» of tnradii and radiants which 
limit them but also by the fact that each often bears a discrete pattern 
covenng its entire expanse In the fetus and infant the indi\iduahty of the 
areas of the ball region is evidenced further by their slight elevation as 
pads The conSgurations of all plantar areas are classifiable, and as in 
fingers and palms they may be treated by the method of “pattern 
intensity ’ 

As in the palm, the distal radiants of each 
digital tnradms typically embrace a digital area 
In the sole there are five digital areas instead of 
four, since in relation to the big toe there is com- 
monly a digital tnradms that has no counterpart 
in the palm 

TRiRADn The characteristic topography of 
the tnradu of the distal sole is shown in figure 
83 A It IS appropnate to name the digital tnradu 
in accord with the system applied in the palm, so 
that a, b, c, and d are homologous in palm and 
sole, though the tnradms at the base of the big 
toe requires a new literal designation, e 

In the proximal region of the ball there com 
monly occurs a tnradms or more than one, such 
tnradu mark the conjunctions of configurational gj— ^ Tbe pit& 

areas when the designs of the opposed configura ot tnr»d 1 m the d m»i toie 
turns are of unlike directions Called “lower f <>« ^i^ii^mcei'eytD 
deltas” (1 e , lower tnradu) by Wilder, and not eppicebie in deicnp- 
' ’ ^ , t'on of tbe alianment of 

otherwise named here except for the one {p — for ndges u: the n> d region 
proximal) assoaated with the conjunction of tbe *“'* 
hallucal and second interdigital areas, they correspond to the accessorj 
TABLE It 

Syubois roK Plaktas Tuzaoii 

Numeneal Symbols 
Literal SymboU Schlacsnhxufea 

d x; 

e Digital tnradu 3 

b On fibulo-libutl I 

a order) 19 

* »S 
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— Fronmal tnradu 13 

— (ut tibt^bbular 1 1 

— order) 16 
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tnradii of certam types of palmai interdigital configurations (D, d and 
IV) Harkness Jliller suggests that these lower tnradii, perhaps especially 
p, might be homologous to aaial tnradii of the palm 

Except for the work of Wilder (lOi 114) and of Schlaginhaufen (144) 
little attention has been given to the s)rstematization of the plan of plantar 
tnradii Table 11 identifies the foregoing designations of tnradii with 
Schlaginhaufen’s numerical symbols, which have been adopted by a few 
workers (for example, Bychowska, 127) 

Formulation or Malv Lines 

The proximal radiants of the five digital tnradii may be considered as 
mam lines and traced on sole pnnts m accord with the rules outhned for 
the palm Occasionally ‘ pseudo digital tnradii' (lo^) occur, they may be 
compared descriptively to displaced digital tnradii (Fig 90 the tnradii 
proximal to the second and third toes) The radiants of triradius p or 
indeed of any lower tnradius, likewise may be traced to their terminations 
These traced lines whether issuing from digital pseudo digital or lower 
tmadn, may be formulated like palmar mam lines 

Certain technical difficulties arise m appbcation of the method (a) 
One or more digital tnradii may not be included in the pnnt and the lines 
onginating from them accordingly are not traceable (b) Tnradius p the 
radiants of which might be useful as an indicator of general ndge direction 
IS frequently absent (c) A main line may enter an interdigital area, and 
become involved m its pattern, so that its course is of no significance for 
describing generalities of ndge direction The formulation of such lines is 
extremely intricate (166), and the detail has only limited usefulness in 
biological analyses (d) Mam lines frequently extend to positions on the 
tibial and fibjilar borders, where there are no definite anatomical land 
marks for the establishment of intervals and points 

Despite these difficulties, it is desirable at times to describe plantar 
main lines in terms of the positions of their endings along the plantar 
borders The distal border lends itself to the same system followed m the 
formulation of palmar hnes, with interdigital intervals and digital tnradii 
numbered to indicate positions of termination The lines including radiants 
from tnradius p, may course to the distal portions of the tibial and fi.bulac 
borders, and, if they are to be formulated at all, it is fitting that the 
procedure take into account the morphological affinities of palm and sole 
These relationships are here presented from the viewpoint of comparative 
dermatoglyphics (141) 

Figure 84 IS designed to emphasize the parallelisms between palm 
and sole by applying to the sole the symbols used for homologous intervals 
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and points m the palm The numbers for positions along the di tal border 
are those originallj proposed by \\jlder (114) m an exposition of methods 
which few workers have since adopted owing to the technical difficulties 
mentioned Reference already has been made to the elongation in the sole 
of the regions corresponding to the palmar hypothenar and thenar areas 
Methods of formulating terimnatjons of mam lines along the plantar 
borders ha^e not been standardized The present suggestion of zones for 
formulation goes little farther than to draw at 
tention to homologies with a view to secunng 1 

uniformity in the treatment of palm and sole 7/^\\ ^ I! / 
Along the fibular border the most distal segment ^ ll 4 ( 

IS here designated 5 and though there is no ' 1) 

landmark to separate its distal and proximal fH ^ jjl 
regions zones 5 and 5 might be distinguished 1/ 16 yj 

as in the palm There is likewise no proximal y/y 

boundary and the only cntenon of the indm 4— A /' \ 

duality of this zone is the frequent presence \ / 

a distal hypothenar pattern (Fig 92) and the I M 

appearance m the fetus of a localized pad in this \ j 

region It is the maximum expanse of the distal \ '' 

hypothenar pattern and of the corresponding \ | 

fetal pad which sets the proximal boundary of / ) / 

zone 5 (Fig 84) Point 4 of the fibular border is XV JJ 

located somewhat distal to the mid level of the 

margin The proximal hypothenar tcrntory *4 — Border pos t on* 

(position 3) is markedly elongated Position 3 ot the sole w ih the »ymbou 
includes about two thirds of the fibular border ire"m4ica*ed*by ihe'u^*'^ 
and the entire heel margin The inclusion under *»'"* numm »i symboU 

, , , , » th the add t on of 14 and id 

one symbol for formulation of so prolonged a for two tn ad wh h have 
share of the foot margin is not a disadvantage erpart* m the palmar 

inasmuch as plantar main lines do not extend 

far proximally The tibial margin distal to the heel corresponds to posi 
tion r in the palm but it may be subdivided into distal (r ) and proximal 
(rO halves for descnptive formulation 

Since the mam Unes do not extend farther proximally than the middle 
of the sole their formulation affords no indication of the general alignment 
of ndges in a large share of the plantar surface Some workers accordingly 
have adopted Schlagmhaufen s practice of describing the variable align 
ments In figure 83 B fve grades of alignment are indicated The slants 
may be characterized by describing them in terms of coursing from the 
fibular to the tibial margin 
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1 — Pronounced slant pronmally 

2 — Slight slant proximally 

3 — Transverse 

4 — Slight slant distally 

5 — Pronounced slant distally 

It vnU be apparent that distinctions betneen consecutive grades can not 
be sharplj drawn without resort to angular measurements, a procedure 
which has not been adopted by investigators employing this descnptive 
method 


Formulation or Contiguratioval Areas 

Many workers limit their anal3'ses of the plantar dermatoglyphics to 
the frcquenaes of conhguration types in the several areas, often only the 
four areas of the ball region For identification purposes the suggested 
classifiuiUons are naturally so bimled (79, 109) Even in the ball region 
faulty techmque in printing may make it necessary to exclude some prints 
of a series If the extreme distal border is incompletely registered, lapses 
involving some pattern types ought lead to erroneous classification (e g , 
a loop having its head m the unpnnted zone would appear as an open field, 
or a whorl would appear as a loop having its opening in an loterdigital 
interval) 

The following account ol configuration types and symbols for their 
formulation is based mainly upon the methods of ilder, of Schlaginhaufen 
and of Montgomery There is only partial agreement of scope and method 
among these three writers In instances of their discrepant treatment of 
the same configurational areas our choice of methods aims to secure 
maximum descriptive usefulness and the greatest possible conformity to 
methods applied m the fingers and palm ^lodifications of descnption and 
formulation are introduced at some points (especially in connection with 
the hypothenar), which 10 the hght of new information call for a more 
extended or a different analysts 

The ten sole tiaangs illustrated in figures 8^ 94 depict most of the 
varieties of configuration occumng 10 each of the eight areas and their 
legends supply the formulations of the configuration types 

Hallucal Area The ballucal area, occupying the tibial part of the 
ball region, presents four pnmary types of configuration whorls 0° the 
sense of Galton), loops, tented arches, open fields Each of the pnmary 
types, as desenbed below, exhibits different vaneties In addition to these, 
there may occur in any area a vestige (symbol, VO, characterized as in the 
palmar configurational areas 
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Whorh, as in finger prints may be consii^ered either as a compre 
hensive group, or the group may be subdivided If subdivided, the types 
may be formulated by using 11' as the pnmar> symbol, adding abbrevia 
tions of the names of sub types for all except the typical concentric or 
spiral whorl Othen\ise primary status may be ^ven to each of the types, 
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thus II for the true whorl, CP for central pocket, etc The mam types 
With s> 7 nbols are 

(a) A t3T)ical concentric or spiral whorl (11 Figs 85, 86) 

(b) A whorl presenting an S shaped central design (ir^) 

(c) Seam a whorl showing abrupt intemiption of the concentnc 
circuit, with a number of ndges ending m a right angled relation to a 
part of the system (U *" Fig 87) 
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(d) Lateral pocket, or two interlocked loops, tracings from the two 
cores reach the same plantar mai^ (JLP Fig 88) 

(e) Twin loop {TL), or two interlocked loops differing from the above 
m that core tracings reach different plantar margins (e g , tibial and 
distal) Lateral pockets and twin loops may not justify distinction in 
many biological analj ses 

(f) Central pocket, a loop having one or more recurved ndges in its 

center, corresponding morphologically to the centra! pocket occurring 
m finger prints Since there are three types of loops distinguished by the 
directions of their openings — see below) superscripts ace added 

to indicate these tjpes — CP^ (Fig 89), CP*, CP^ 

Loops of the hallucal area have their open extremities pointed m three 
directions dislally {iJ, Fig 90), to the ttbial margin (L‘, Fig 91), to the 
fibular margin (Z.^, Fig 92) (Z*', Z* and V correspond respectively to 
Wilder’s types A , B and C ) 

Tented arches {T, Fig 93) usually are not subdivided though the 
system adopted for the palmar hypolhenar might be applied here A 
tented arch may be described m terms of the facing of its base, using the 
initial letter of that direction as a superscript m the symbol 

Open fields { 0 , Fig 94), which actually are plain arches ordinarily 
are not designated by their directions, but the method of formulating 
plain arches of the palmar hypotheoar may be applied Wilder (loi) 
recognizes three classes of open fields on the basts of non appearance of 
speafic tnradii The rationale of Wilders classification of open fields 
IS a senes of morphological affinities traceable from the relationships of 
triradii m a whorl In a typical whorl of the hallucal area (Fig 85) there 
are three tnradii A, lying distal to the pattern, B on the tibial side, C 
on the fibular side His designations of hallucal loops {A B and C) 
indicate the directions of their openings, each type being mtcrpreted as 
if It were converted from a whorl to a loop by suppression of the tnradius 
on the side of its opening In turn types of open fields {AB AC and BC) 
are individually distinguished by reference to the location of the two 
tnradii which are assumed to have disappeared in each In accord with 
this interpretation the open field m figure 94 is BC 

Secovd, Third antj Fourth Interdicital Areas These are the 
‘ plantar areas of Wilder, as distinguished from the haUucal area, and 
they are respectively the first, second and third intercfigitafs of many 
wnters The hallucal area is morphologically a fusion of the distal thenar 
and first interdigital (Chap 9), hence it seems desirable to adhere to a 
scheme of numbenng the three “plantar areas’ which agrees with their 
true identities as second, third and fourth interdigitals 
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All the areas exhibit the same general types of configurations 

Whorls (W Galton's inclusive sense, the occasional deviations from 
the construction of true whorls not being recognized m formulation) 
See figure 86, areas III and IV, figure 8g areas II and III 

Z.oe/>jmayopendistally(If, orL** Fig 85 II, III and IV) or proximally 
(/), orL*’ Fig 86, 11 , 87, IV) 

Vestiges (F), localised disarrangements of ridge direction especially 
in the form of abrupt convergences lacking the recurvatures which char 
actenze true patterns 

Open fields ( 0 ), as previously defined for palmar mterdigital areas 
(Fig 87, II, Fig 91, II III and IV) 

Departures from the typical relationships of mterdigital areas some 
times occur A pattern or vestige may not be centered m exact alignment 
with an mterdigital interval, mterdigital II in figure 90 is displaced in this 
manner, being as closely related to the third mterdigital interval as to 
the second In such cases however the sequence of configurations m the 
ball region may offer a clue to their individualities It is not uncommon 
that two adjoining configurational areas are united as a single pattern 
(Fig 88 III and IV) Here, too the identities of the configurational 
areas involved are clear, m formulating any convenient symbol (eg, 
note legend of figure 88) might be chosen to indicate the fusion of two 
configurational areas 

The typical relationship of mterdigital configurations which open 
into mterdigital intervals (0, L* and some vestiges) is that ndges flowing 
from an mterdigital area enter the interval of corresponding number 
Not infrequently, however, theopemng ridges may be deviated to another 
interval (Fig 87, where ridges from area II reach the first mterdigital 
interval, Fig 94, where the configuration of III enters the fourth interval) 
Such a deviation, which is assoaaled with suppressions of digital tnradii 
and fusions of the related digital areas, might be recognized m formulation 
by adding to the symbol of the configuration type, as a superscnpt, 
the number of the mterdigital interval receiving the aberrant opening 
of the configuration 

Hypothenar The hypothenar area demands a speaal formulation 
edaptod fc? Cie vsnslde w :is s^^d 

proximal terntones Sometimes the distal and proximal regions are 
separately recognizable (Fig 93), but the two may be blended either 
into one pattern (Fig 94) or vestige (Fig 87), centered at an intermediate 
level, or into a continuous open field (Fig 91) Dual formulation is applied 
m all cases in which the identities of distal and proximal elements are 
recognizable, even if one of them is an open field (e g , Fig 91, L'/O) In 
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the duplex sjmbol the distal element is recorded first Single formulation 
IS reserved for the instances of blended configurations, where there is a 
continuous open field or a pattern centered at an intermediate level 
Configuration types of the hypothenar area are of the same fundamental 
classes as those occurring in other areas They are formulated with the 
initial letters of their names, with superscnpts indicating the directions 
of the open extremities of loops as exemplified in the legends of figures 
85-94 

^VTien it IS desired to indicate the general ahgnment of ndge courses 
the numencal scheme illustrated m figure 8j B is useful These numerals 
might be attached as superscnpts to the initial letters which stand for 
configuration types, or the ndge ahgnments might be formulated inde 
pendently of the configuration types If they are combined in one scheme 
of formulation it would appear to be superfiuous to wnte the symbol for 
an open field (0) in addition to the number, use of the number alone will 
simphfy the cataloguing of a senes of pnnts 

Calcak Area The configuration of the calcar area is very rarelj other 
than an open field ( 0 ) The occurrence of a whorl (HO a loop {V Figs 90 
and 94, or a vestige (T, Fig 91) may be formulated by the usual 
symbols Ridge directions may be designated by the numencal scheme of 
figure 83,B 

pROXHiAL Thevar Area So btlle study has been accorded the tern 
tory of the proximal thenar configuration that all the possible vanacts 
probably hav’e not been observed The usual symbols should meet any 
likely need in formulation as exemplified in figures 85-94 

Digital Areas Absence of plantar digital tnradn, mentioned earlier, 
has its parallel in the palm, where the chief localization is m tnradius c 
instead of m a and b as in the sole In the absence of a digital tnradius 
there are no radiants to confine Che digital area which accordingly blends 
into the mam configuration of the distal sole (Figs 87, 94) Digital tnradn 
also may be shifted (Figs 86, 90, 91, 93), and replaced or supplemented 
by interdigital tnradn or by psendo-digital tniadu (Fig 90) \\ith the 
disappearance or proximal shifting of digital tnradn the digital areas 
adjoining two or more digits are thus fused (Figs 86, 87 90 92, 93 94) 
Such fusions have morphological importance, and any device which 
t,h«. dipAal aiea.*. wwolved may bn ujx5icaYi.wtd. fnr thn tallym^ 
of a senes of soles 

Coscplete Plantar Forkula The wntmg of a complete descnptive 
formulation of the sole has not been a general practice In formulating 
configurations of the distal sole the order adopted for listing the several 
symbols is hallucal, interdigital II, interdigital III, interdigital IV, distal 
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hypothenar Restriction to these areas is an adaptation to the frequently 
incomplete recording of other re^ons in prints When the prints are 
adequate, and when there is reason to extend an analysis to other areas, 
the following are appended in this sequence to the preceding formula 
proximal hypothenar, calcar, proximal thenar The complete formula 
would then include eight symbols The advantage of catalogues of com- 
plete formulae is that they admit ready analysis of the associations 
of configuration types in individual soles In special studies, the plantar 
formula might be enlarged to include features additional to the configura- 
tion types of the eight areas absence and displacements of digital triradn, 
fusions of digital areas, courses of at least some mam lines, inclination of 
ridge courses in different regions 

Statistical Trends 

Extracts of data (Tables i2'-i6) from a study of plantar dermato- 
glyphics by Takeya will illustrate the directions, and to some degree the 
extent, of individual variation, though the trends displayed m the statisti- 
cal results are modified by the raaal composition of the senes ' The 
material comprises the prints of looo Chinese at Fushun, near Mukden 
The prints l^e^e exhaustively analyzed by Takeya, and the results are 
here presented only in part 

TABLE iJ 

FszqcxhciES or THX PostTiOKS or Tebiunatios or the FnciAs avd Distal Radiants or 
TbIBASICS f, FOBUVLATED by the NCNEBICAL SvUSOIS SrOUN in FlOCBK 84 
(Dala OH ChtiKiti/rom Totey 4 ) 


Fibular rBdiBOt I DisIaI t&iLBnt 



1 

1 ’ 

8 

7 

6 

S 

t" 

13 


.■ 

Right 
(S33 soles) 

as 7 % 

a i% \ 

S8 5% 

0 1% 

1* 8^. 

0 7% 

63 1 % 

4 5^e 

a6 t% 

Left 

(458 soles)' 

9 8 I 

. I 

$6 8 

1 6 

30 6 

0* i 

3a 3 

, " * i 

S6 3 


Teiradius p. Tins triradius is present in 53 3% of the right soles and 
45 8% of the lefts, or 49 5% of the entire series 


* A similar, though not so extensive b study, is Uiat of Montgomery (108) It deals only 
with the four ConhguraUonal areas of the ball region and the distal hypothenar, !n a senes 
o( jooo persons The frequencies of configuiatlon types in each area are presented, but without 
separate listings of right and left sides llarkness-'IiUer presents complete formulations of 
plantar configuration types and main bnes in the soles of loo persons. 
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The fibular radiant (Table xs) is directed into the fourth mterdigital 
interval m 57 9% of the soles and the next most common terminations 
are in the distal portion of the fibular border {40 9%) and the third inter 
digital interval (183%) Rarely does this radiant fuse with digital tn 
radius d (i 1%) or c (i 8%) There is a definite bilateral distinction in the 
frequenaes of positions of termination of the fibular radiant In nght 
soles the tendency is for the radiant to extend farther tibialward than in 
TABLE 13 

RrocE CoLssES or Opev FiEtDs or the AIdiole op the Sole akd or the Calcae Akea 

FOElfUlATTD BY the NluEUCAI. SYMBOLS ShOH & JB FlCMX ?J B 
(Data on Ckintse Jrom Taieya bated on tooo rtfit and tooe left toitt each less j soles for lie 
talcar area niiicb tear fatterns instead of open fields) 



1 Aliddteoi sole 

j Calcar area 


■ 

■ 

3 

4 


1 ^ 

< 

5 

1 


« t% 

ads'll 

9 1 

3 I'e 1 


4* r'i 

» s'* 

Lett 

1 « 3 

w t 

i“” 1 

*57 

« 9 

.s. 1 

«9 9 j 

.= 8 


lefts, where the inverse tendency is reflected in a sharp nse m the number 
of endings on the fibular borders and decrease of endings tibialward 
The distal radiant, which most commonly terminates in the first or second 
mterdigital interval (Table 12), displays the same trend suggesting an 
interdependence of the two radiants as if they were both pivoting on the 
tnradius of origin Corresponding distinctions between right and left 
soles are exhibited in the courses of mam lines onginating from digital 
tnradii (105) All these statistical differences between nght and left soles 
are the plantar counterpart of the bilateral distinction manifested m the 
courses of palmar mam lines 

RmCE DiREcnovs PaoxiitAL to the Ball The alignments of ridges 
m the middle and proximal (calcar) sections of the sole are recorded in 
table 13 Two thirds of the soles exhibit transversely coursing ndges 
in the mid region, and the remainder ate nearly equally divided between 
fibulo-distal and fibulo proximal slants (of slight obhquity grades 2 and 
4) There is a tendency of nght soles to favor the fibulo proximal slant 
and of lefts, the fibulo distal slant 

In the calcar region 55 8% of the soles present a slight fibulo distal 
slant and the next most common direction is transverse (35 3%) Right 
soles tend more to the transverse abgnment, while lefts display a greater 
frequency of incbnations in the fibulo-distal direction, as is true of the 
mid sole 
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TABLE 14 

Fsequencies of Types op Co^FlCl-KATl0^s is tde Hailical \st\ 
(Dala OH Chinese front Takeya based on 1000 right and 1000 left soles) 



1 " 

L* 

L‘ 

0 

A (?) 

Right 

30 2% 

SO 1 % '' 

6 s^c 


0 <)% 

Uft 

3 « * 

46 J 

8 2 ^ 

” 5 1 

2 0 


CovriGURATioNAL Areas The most common configuration in the 
hallucal area is a loop opening into the first interdigital interval It occurs 
in 48 s% of soles (Table 14, Whorls are nett m frequency, 30 7%, 
and open fields follow with 12 2 %, then loops opening to the tibial border, 
7 3 % 

T^BLE IS 

F»EQVEkciES OP Types op Coshcesatioss ih me Seco'cd Thud ast> Foceik Ivteb 
D icHAL Areas 

(Data on Chnese front Takeya based on looa n/kl and sot>9 left soles) 



1 Intprd giUl 71 j 

1 IniMd gJljJ III 1 

1 InterdigilA] IV 


0 

/4 ^ 

IP 

w 

0 1 


I» 

i 

° 1 

L 4 

IP 

Right , 

Left 

i 9 b% 
41 8 


2 1 % 

0 3 % 

40 8 ^ 
42 3 

4 %. 
S 7 0 1 



Ip rS, 

9 2^0 

0 


The most common configurational type m the second and fourth 
interdigital areas is the open field (Table 15) The third interdigital area 
differs m presenting an excess of patterns over open fields Throughout 
the three areas a loop opening distally {!/) is the most frequent pattern 
type 

TABLE 16 

Feeqiencies of Types op Covpjcvrations if the Distal ant) PicmuAt IlYPOTHEfAR 
Areas 

(.Data on Chinese from Takeya based on looorigUand toooiefl soles The ertgiMifornuIaltons 
iy Takeya ore i» terms of Schlogiahoafens types ore kere combined as follovs Open 

fields -» types i 6 7 and 8 I esUstt •= lyP*f » i “'»<* 4 k-oops = type s) 



! DisUl bypotheoar 

j Ftoiimal hypothenar 


0 

I 

- 

” 1 

' i 

1 

Right 



33 7% 

[ > 94 *^ 1 

16 s % 

4 t^o 

Left 

22 6 ! 

39 3 

38 I 

83 9 

14 0 

2 ( 
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The configurations of the distal and proximal hypothenar areas are 
listed in table 16 Vestiges and patterns occur more frequently in the 
distal area than in the proximal area 

The calcar area is patterned in only 14 soles of the entire senes of 2000 
thus giving a frequency of o 7% * The ttmaining configurations are open 
fields, their ndge abgnments being discussed abo\ e 

Except for the distal hypothenar area, where the relationship is 
reversed, nght soles bear a greater proportion of patterns m each of the 
SIX configurational areas considered The bipedal differences are greatest 
m the instance of the distal hypothenar area and least in the hallucal 
The statistical reliability of some of the smaller differences is questionable 
Bipedal differences of pattern frequenaes in the calcar and proximal 
thenar areas cannot be analyzed in the available material 


’ Tbe calcar pattern u rare is all races though it is podible that some populations nay 
double or triple the frequency here indicated for duotse For example de Fma (Sobre figures 
pspDares da rtgilo plantar em porcuguesese eegrosde AInca J med Cal Fort Sept 1935) 
finds in a senes of 096 Portuguese two individuals bavicg the calcar area patterned unilaterally 
and three who bear bilateral patterns— maluag an loodeoee ol 1 7% of the ladinduals who 
are patterned on one or both soles Tbe same author reports a frequency of 2 a% la a senes of 
a6S ^e$t Afnean Negroes three cases of unilateral and three cases of bilateral calcar patterns 
It IS possible of course that families eharacterued by frequent calctr patterns are included 
la the natenaJ teported 
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S CANT matenal relating to toe pnnts is available in the literature, 
but it IS sufficient for comparison with the data on fingers The most 
extensive analysis of toe pnnts is that of Take>a His matenal consists 
of 1000 Chinese, the same subjects dealt with in Chapter 6 Another 
important contnbution is the study by Newman It is based upon a much 
smaller number of subjects, too European American males but its value 
IS enhanced by the conjoint analyses of toes and fingers of the same 
individuals Steilens investigates toe pnnts and finger prints in loo pairs 
of twins (German), 50 pairs each of monozygotics and same sexed di2> 
gotics, the sexes being in equal numbers in either group She presents 
data not only embracing the total material but also for a senes composed 
of one member from each pair, selected to ehminate possible vitiation 
of the statistics by the inclusion of twin partners Hasebe (286) presents 


TABLE 17 

FtEQiTtMcxzs Or THT TvPES Or CoCTiccaAiioss or Tors 



the ftequenaes of configuration types in toes of 100 Japanese males T^r^ 
records pattern type frequences for the big toe alone in 182 subjects, 
and for all toes in 34 

The configurations of toes conform to the topography described for 
finger pnnts (Chap 4), they present, moreover, the same basic types 
and the same manifestations of transition from one type to another and 

<ss 
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are subject to identical methods of analysis Only passing comment has 
been made v.ilh regard to pattern fOTin and pattern size (ri8 rig), and 
there is no information at all in reference to the middle and proximal 
phalanges Wth regard to the occurrences of pattern types the chapter is 
extended to include pertinent comparisons with fingers 

Statistical Tre\ds 

Total Frequznozs of Patter> Types The frequenaes of the basic 
types of patterns, in the four available collections, are hsted m table 17 
Wliorls and tibial (radial) loops are less abundant than in fingers while 
arches are more frequent Compansons of fingers and toes in the same 
raoal populations demonstrate consistent direction of this mtermembral 
difference In Newman’s collection of 100 European Americans whorls 
are 67% more frequent m fingers than in toes, and arches are nearl> six 
times more abundant in toes than in fingers Steffens’ Gennan senes 
presents a whorl frequency in fingers which is 40% greater than that m 
toes, arches are 4)^ times more frequent in toes. Hasebe’s Japanese senes 
displays an even more striking difference m the same direction whorls 
being 3 }^ times more abundant in fingers, and arches nearly 8 times 
more abundant m toes The fingers of Japanese ha\e a much greater 
abundance of whorls than do the fingers of European ^mencans or Ger 
mans, )et the toes of Japanese as compared with European peoples show 
a lesser number of whorls Thus there appears to be an inverse relationship 
between the occurrences of whorls and arches in toes and fingers As is 
generally true in mass statistics of fingers, the inadence of arches decreases 
with elevation of whorl frequency 


TABLE (8 

F«rQCExazs or SuBTyrts or Wbobls Covpauk ix Toes and Finceis 



1 T". 

Fuigers 

Take} a 

htevzoan 

Scotland Yard 
(Table t) 

True whorls 

2 4% 1 

a 6*^ 


CeeCral pockets 

0 I 1 

0 X 

2 I 

Lateral pockets and twin loops 


tS 3 

3 1 



1 

( 


The subtypes of whorls represented m the total frequenaes of 20 7% 
in the Chinese senes and the 21 7% la the European Araencan senes 
are distnbuted as indicated in table 18, which includes also corresponding 
data for fingers The proportionate representation of each of these classes 



TOES 


135 

differs widely in toes and fingers True whorls and central pockets are 
much less abundant in toes, the proportions of double-loop patterns and 
accidentals being several limes greater than in fingers 


TABLE 19 

FsEqoTsctES OF BicENTsrc W»o»is (LatesaI Pocket Iajofs, Twiv Loots, AcciOEVTAts) 
CouPASED IK Toes am> Fikoeks 


Toes j 

j Fingers 

1 

Takeya j 

Newman 

Steffens 

Scotland Yard 
(Table i) 

Steffens 

9% , 

73 7% 

83 9% 

I* 6% 

iS 7** 


Whorls may be classified also according to the presence of one core or 
two monocentric (true whorls and central pockets), bicentnc (lateral 
pocket loops, twin loops and accidentals) The fiequencves of bicentric 
patterns, in percent of all whorls in the inclusive sense, are listed in table 
19, the implied percent remainders are the frequencies of monocentric 
patterns Toes differ from fingers in presenting a considerable increase In 
the proportion of bicentnc patterns 


TABLE to 

FKEQOEVCltS OT TffE TwtS Of CoVlJCVaAtlONS OS TotS 
(Data en 1000 Chinese./ftm Taktyo) 


Digit 

Side 

morls 

Fibular loops 

TibiaJ loops 

Arches 


A 

S 3% 

78 ®% 

4 8% 

10 9% 


L 

9 S 

67 7 

10 4 

IS 6 


R + L 

7 5 

7* 9 

7 6 

11 8 


R 

«7 9 

7* 6 

9 5 

7 «* 

II 


19 9 

69 0 

0 8 

>0 3 


R+L 

18 9 

7t 8 

0 7 

8 7 


R 

bo a 

3*0 

-3 

» 9 

ni 

1 

55 3 

3^ 4 

* 7 

6 6 


R + L 

57 8 

31 S 

I 0 

4 a 


R 

«7 4 

65 0 

0 7 

16 9 

IV 

L 

19 8 

SO 9 

4 4 

»4 9 


R + L 

18 6 

S8o 

a 6 

so 9 


R 

0 4 

4% 8 

0 7 


V 

L 

0 7 

4S 4 

* 9 

StO 


R +L 

0 t, 

47 8 

t 3 

SI » 








DEB.UA.TOGt.YP Hies 


136 

Distributiov or PattervTypes ov Single Digits The noteworthy 
trends evidenced m the digital distribution of pattern types (Table 20 
and Fig g^) are emphasued in the occurrences of whorls, tibial loops and 
arches The total of fibular loops may be regarded as a pool which enlarges 
or contracts with decrease or increase of these other tjpes The diBerential 
trends of pattern frequency among the five toes are best appreaated by 
stating the madence on each digit in terms of the total of each pattern 
type rather than in reference to the total of all patterns 



Digtl I bears a larger number of tibial loops (38%) than any other toe 
It has next to the lowest frequenryr ©I whorls (7 5%) 

Digit II is the site of minimum frequenry of tibial loops (5 o) and next 
to the lowest frequency of arches (8 9%) 

Digit III carries by far the highest frequency of whorls (55 7%) 
ancf fie Teas^ fiequracy- of arcfies (4 g%) 

Digit IV beats next to the highest frequencies of Ubial loops and 
arches, but its chief distinction lies in the fact that no other digit, toe or 
finger, reaches this degree of leveling of frequenaes of the four pattern 
types (the closest approach to it being the index finger) Of the total fre 
quency of each type, 18 0% of the whorls are on this toe, 20 2% of the 
fibular loops, 19 3% 0^ tibial loops, and 21 5% of the arches This 
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distnbution is m sharp contrast with widely unequal distributions in all 
other toes and fingers The corresponding values for the fifth toe may be 
ated in illustration whorls, o 5%, fibular loops, 16 5%, tibial loops, 
9 9%, arches 52 6% 

Digit V has the highest frequency of arches and the lowest frequencj of 
whorls 

These digital distributions of maiunmni and minimum pattern type 
frequencies differ significantly at some points from the conditions existing 
m fingers (a) The maximum frequenaes of whorls in fingers occur m 
digits I and IV, while in toes these patterns are more concentrated on one 
digit, III (b) The maximum frequenaes of radial (tibial) loops are in 
finger II and in toe I (c) Arches are concentrated in finger II and m 
toe V 



linftn I II ui IV V I 


PlO 90 '^Averaee pattern intenstc* of ina vidaaltMs «ne Sngrr* with the tupenmpOBed 
sraphi shifted (or demoftatratlon of $ m lant «s 4 Data from tables t and 15 h Data from 
Isewman 

According to Newman, the pattern distributions on fingers and toes 
show greater similarities if toes I, II, III and IV are compared respectively 
with fingers II, III, IV and V Of the intermembral distinctions just 
listed, the localization of radial (tibial) loops is a clean cut illustration of 
this principle Further demonstration is afforded in comparisons of pattern 
intensity Pattern intensity values have been computed for individual 
digits, converted from the frequenaes in tables i and 20 and from New 
man’s data on toes and fingers A fairly close fit between the graphs 
(Fig 96) for toes and fingers is obtained onij between toes I IV and fingers 
II V Toe V and finger I are thus left unpaired in the pattern intensity 
comparison It might be suspected that raaal differences create a false 
sfiowing in the comparison between fingers of the Scotland Yard senes 
and toes of Chinese (Fig 96 A) However, the same relationships are 
present m Newman’s senes (Fig 96,6), which indicates that the difference 
here observed is independent 0/ race 

Steffens shows that there is a relationship between fingers and toes 
with regard to the total frequenaes of pattern types VTien the toes 
present frequent arches, the fingers show arches and loops, with no whorls 
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or at best a limited number When there are many loops on toes the fingers 
also bear loop patterns The coeffiaent of correlation of arch frequencies 
on toes and fingers of the same mdividuals is 0 Jo and for whorls it is 
o 36 (see Chap 1 1 Association of patterns) 

Bipedal Differences In each of the toes except III whorls are 
more abundant on the left side than on the right (Table 21) the reverse 
of the bilateral distinction characterizing fingers (Table 1 where it will 


TABLE jt 

ToTAiFgtQUivcrES SrrAKArELvroiRicDTAK'BLEprSiDEs or Axches LoopsavdIIhosis 
os Toes 



1 Archn 

1 Loops 

[ tlTiorls 

R 

1 



Jt ' 

1 

European Amencans (Newman) 

10 0% 

6 0% 

67 8-^ 

61 ©ej : 

ss »% 1 


Germans (Steffens) 

17 i 

so 8 

6s 6 1 

56 0 j 

S© S 1 


Japanese (Takeya) | 

17 6 1 

76 « 


57 7 1 

so 4 1 


Japanese (Hasebe) 

9 4 J 

*4 * 

: *3 * 1 

58 6 

J? 7 1 

»7 » 


be noted that the dextral excess m whorls is at its minimum in finger III) 
Tibial loops likewise are more frequent on left toes indicating a reversal 
of the trend noted in radial loops of the fingers Arches are more frequent 
on left toes but m this instance the trend agrees with that observed in 
fingers where only the index finger presents a higher frequency on the 
right side but the excess is very slight Bilaterally different trends of the 
mam pattern types are expressed also in their total frequenoes Though 
only European stocks and Japanese are represented in the data of table rr 
the likeness of results of bilateral companson suggests that the trends 
are a common human characteristic 

Pattern Combinations Pattern combinations m indinduals may be 
treated by the manuar method of Poll The significant trends are 
evidenced both m the unipedar and bipedar the latter alone being 
lUustrated (Fig 97) 

Two points of spenal interest appear in the bipedar (a) Unlike the 
case in fingers individuals presenting five arches and five whorls do occur 
Two individuals m Takeya s senes of 1000 present this combination It 
will be recalled that the combination has not been recorded m fingers 
though on mathematical grounds it might be predicted in two individuals 
of about 500 000 if the assortment were determined by chance alone 
(b) The fields of the b pedar assigned to combinations of 9 whorls and of 
10 whorls are vacant and it is possible that they would remain unfilled 
even in a much larger senes Toe V has so low an inadence of whorls and 
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arches are generally so frequent m toes, that the combination im olv^ng 
ten nhorls may be in the same category of ranty as the combination of 
five Vihorls and fi^e arches in fingers 

Pattern Form Even in the absence of quantitative determinations, 
certain general statements may be made about the shape and general 
character of toe patterns In toes patterns tend to be broader, or less 
highly \aulted, and smaller than m fingers (ri8) Loops in toes tend 
to be perpendicular to the proTimal ndges of the pattern area contrasting 
with the more general slant of loops in fingers The erect looped pattern 
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97 — B ptdar showing the percent f»«|u«oe es of pattern type comb nat otis 
in individuals (Dale ox 1000 ChtKtst from Takeyt ) 


of toes 


area may be sharply marhed off from the transversely coursing ridges 
at its base (119) 

Quantitative Value Inspection alone indicates that toe patterns 
tend to be smaller than finger patterns This is borne out in the ridge 
counts reported by Stefiens (Table 22 ) The data are obtained from 100 
German children, one partner from each of too twnn pairs (though Steffens 
shows that the results do not differ when both partners are incfudedj 
The data are of particular importance because quantitative values of 
fingers and toes are determined in the same individuals 

The average ndge count for all fingers in Steffens matcnal is 
14 3 ± o 46, and for all toes, 10 6 ± o 57 Inasmuch as arches are \er> 
frequent m toes and the zero ridge counts of these configurations lower 
the average values, it is important to note that a difference persists when 
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arches are excluded from the determmatioiis. Excluding arches, the figures 
(based upon the whole series of too twin pairs) are* average count in 
fingers, 15 o ± o jj; average in toes, la 9 ± o 16 


TABLE it 

Ract CotwTS (QcAjnrtAWE Viixrxs) Coupaxed ik Fcoexs aot Toes 
(Dala M tooCernuiUf/fem Slefetu) 


1 

Finger* | 

Toes 


I 

n 

III 

IV 

V 

I 

U 

ni 

IV 

V 

AU coofiguratioas 

»7 * 

«« 7 

la 8 

16 8 

140 

II p 

10 6 

V 3 

ffl _4 


Loops only 

»S 7 

9 8 

1* I 

14 8 

t3 6 

ti 8 

9 0 

9 8 , 

11 2 

7 r 

Whorls only 

aa 4 

a? 4 

«7 4 

19 » 

16 8 

18 7 

18 4 

It 6 

ip 0 

16 3 

Average, all digits j 


>4 

3*0 

46 




6±o 

S 7 



The seriations of ridge counts, for all configurations including arches, 
are* 

Fingers I >IV>V>ni>n 
Toes m> I >n>iv>v 

Slightly different orderings are obtained when loops and whorls are singled 
out, indicating that toe III owes Its large ridge count to whoru, when 
loops alone are considered this digit shifts to third place in the list, and 
digit I takes first place as in the hand Toe V retains last place m the list 
as the digit with minimum ridge ojunt, whether all patterns are involved 
or loops or whorls alone are considered Finger V also presents the least 
ridge count of all fingers in the case of whorfs 
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ELEMENTS OF FINGER-PRINT 
IDENTIFICATION 


A KNOWN individual is recognized ordinarily at a glance His stocky 
build, ruddj face, stubby nose, Wue eyes light hair, mannerisms 
habits of dress and other qualities are appraised without conscious effort 
Sight recognition is effective because two individuals seldom present 
closely similar total combinations of such charactcnstics notwithstanding 
their likeness m some traits Sight recognition however is not infallible 
Extraordinary resemblance makes for confusion of mdmduaU and 
intentional alterations and changes brought about by ageing or disease 
may lead to lack, of recognition Such lapses in identification usually are 
of little consequence in every-da> life, but an absolutely reliable means of 
establishing identity is demanded m many situations 

Scientific methods of personal identification onginated about sixty 
years ago when Bertillon devised the system which bears his name 
He revised the inexact descnpUve methods previously employed in cnmi 
nal identification and proposed the use of eleven body measurements 
As a systematic method adapted to the needs of agencies of law enforce 
ment, the Bertillon procedure is naturally more reliable than sight recog 
nition Measurements lend themselves to classification classification 
being requisite for ready search of the filed records essential in systematic 
personal identification The Bertillon system cumbersome and often 
fallible, was gradually superseded by the immeasurably superior method 
of finger pnnt identification, which is now employed universally for the 
registration of criminals and increasingly for various civil and military 
purposes 

Finger prints are ideally suited to the needs of an identification system 
Their characteristics are permanent as well as classifiable for filing under 
headings which may be subdivided without limit The classified finger 
pnnts of an individual afford means to determine quickly if that person 
has been previously entered in the rdentification file, the search in the 
file IS directed by finger pnnt characteristics alone, without reference to 
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name or other data that ought be falsified If present in the file, the finger 
print card will reveal the identity as well as the recorded prior history 
Finger prints have the additional advantage, in criminal investigation 
of being impressed in the touching and handhng of objects so that a 
person makes unwittingly an identifiable record of himself 

The world s greatest file of finger pnnts is that of the Federal Bureau 
of Iniestigation which functions as a centra! clearing house of identifica 
tion records From pohce agenaes throughout the United States duplicate 
finger print cards are sent to the Bureau Additionally, there is an inter 
national exchange of cards which (m January, 1941) embraces 89 foreign 
countries, terntones and possessions The Law Enforcement BuUeltn, 
published monthly by this organization, cames numerous reports of 
identifications estahhshed through its facdities Identifications obviously 
can be made only if the finger pnnts are on file At present the persons 
so identifiable are largely those with cnmina! records but there is gratify- 
ing increase m the filing of cards of law abiding otizens 

The Argentine Republic has made greater advance in promoting 
avilian finger pnnting than any other nation Starting with the printing 
of applicants for appointment to the poli^ force, m 1891, compulsory 
registration has been gradually extended to include employees of banks 
and of the postal system, students on matriculation, electoral offiaals, 
government employees, immigrants, domestic servants, chauffeurs and 
taxi drivers some classes of tradesmen, and members of all the regulated 
professions — including physicians and dentists Finger print cards tepre 
sentmg about half of the national population are now on file at Buenos 
Aires 

Though special mention is made of finger pnnts, the pnnaples which 
hold true for them apply also to palms soles and toes Dermatoglyphics 
of these areas are equally permanent and individually vanable They 
are dassifiable in the same general manner, though descriptive classifica 
tion calls for adjustments to the morphological pecuhanties of these 
regions In the case of palms (79 80 90, 91, 94 96) and soles (79) several 
schemes have been devised, some of them being m routine use 

Chance pnnts of toes, palms and soles are presented occasionally m 
evidence of personal identity The nature of this evidence is in all respects 
comparable to the finger pnnt and the qualified finger pnnt expert is 
competent to deal with it (124) 

CLASsirrcA’noN and Filing 

Classification of finger prints provides for orderly placing of 
finger pnnt cards in a file With ^tematic fihng of an onginal card 
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any subsequent card of that individual falls m the same section of the 
file, and a search of the section quickly yields the earher record Classifica 
tion may be extended as far as the siae of the finger print collection 
■warrants In a small file only the more comprehensive classes are separated, 
the larger the collection, the more subdivision is necessarj Each section 
in the file, whether devoted to a comprehensive class or to one of the sub 
divisions will contain a number of cards Thus the final step in searching 
for a pnor record of an individual involves inspection of a group of cards 
having the same fihng formula, for comparison of finger print character 
istics which are not differentiated by that formula 

In primary classification of ten finger sets under the Henry system 
the digits ate considered in “pairs ’ The consecutively numbered squares 
of the standard finger print card (Fig 41) indicate the order m which the 
pairs are composed, beginning with the nght thumb and the right index 
The five pairs are numbered m order as indicated below The pairs are 

wntten in the form of fractions with the even numbered member of the 

pair placed in the position of numerator 

Pair I Pair ? Pair 3 Pair 4 Pajr S 

(a) R index (4) R ring (6) L thumb (8) L middle (10) L little 

(i) R thumb (3) R middle (5) R little {7) L index (9) L nng 

This fractional notation is important in constructing the pnmary classifica 
Uon formula, which is derived from numencal values assigned only to 
whorls (inclusive sense — thus including all patterns with two or more 
tnradii) Arches and loops (1 e , patterns with no tnradius or but one) 
have zero values The presence of a whorl determines a numencal value 
for each digit of the ten finger set The numencal value assigned to a 
whorl depends on the pair to which the digit beanng it belongs, but is the 
same whether the digit occupies the pwsition of numerator or denormnator 

Pair I Pair 2 Pair 3 Pair 4 Pair 5 

16 8 4 2 I 

Entenng these values in the fractional notation, a finger pnnt set m 
which all patterns are whorls would appear 

Pair 1 Pair 2 Pair 3 Pair 4 Pair 5 

ijfe H H H H 

Another set, with whorls m both thumbs and both nng fingers, but in 
these digits only 

Pair 1 Pair 2 Pair 3 Pair 4 Pairs 

Me H % M M 
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To obtain tbe classification fonnula, the numerators of the fi\e pairs 
and the five denominators are added separately These sums, in the first 
example, are and in the second Early in the history of finger 

pnnt identification an expedient m the filing system was adopted to 
compensate for sets in which all patterns have o values the addition 
of I to the numerator and i to the denominator Accordingly a finger 
pnnt set in which there are no whorls will have the pnmary classification 
number rather than Oq, and the two examples become *5^2 and 
respectively 

The senes of numbers selected for the values of whorls in the different 
pairs form a progression m which the >aluc for an> one pair is twice the 
value of the succeeding pair One advantage of this geometnc progression 
is that the classification number may be decoded Practical finger pnnt 
workers, familiar as they are wnth classification numbers, recognize the 
distributions of finger pnnt patterns without decoding The decoding 
may be illustrated by the second example, where the classification number 
IS The fraction first is reduced to its onginal value, (by sub 
tracting^f) There is no pair m which the \a!ue for one whorl is 12 Since 
the only possible combination which yields 12 1$ 8 and 4 (assigned respec 
lively to pairs 2 and 3) , it is clear that the nght nng finger and left thumb 
bear whorls and that other digits in numerator positions have no whorls 
The denominator, 17, breaks down into 16 and 1, with nootherpossibilities 
The value 16m denominator position stands fora whorl in the nght thumb 
and the remainder, i, indicates a whorl in the left nng finger 

The 1024 combinations of numerator and denominator, each ranging 
from I through 32, serve as pnmaiy divisions m the file In the fihng 
cabinet the finger pnnt cards are arranged in the sequences of this numen 
cal dassification Thirty two divisions are first separated by the sequence 
of denominators then each of these is divided into 32 parts by the sequence 
of numerators All cards classified as are filed m the first section This 
section IS followed by the group of cards classified as and this group by 
and onward in the sequence of the numerators through The 
next pnmary division, beginning with continues through and 

the next following division would cany the cards indexed from through 

— and so on through 

IC wtff be evnfiffff Ibst the gr^ iseei'sw s! a pnxri rard iht 

pnmary division of the file is as preasely determined as the location of a 
word m the dictionary The search for a finger pnnt card in a pnmary 
division of a file if it were not subdivided might be compared to hunting 
for a word in a jumbled dictionary where the only grouping is by initial 
letters The searcher m a fingerprint file finds m a pnmary division a 
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large number of cards which must be examined individually to determine 
whether there is a finger pnnt set ideutical mth that of a person whose 
prints have been made Such searching is minimized b> secondary 
classification 

The sccondar> classification breaks the primary divisions into sub 
classes Unless a file is very small this subdivision is necessary since the 
number of cards falling in some primary divisions becomes so large that 
It IS impracticable to inspect them all at each search through the file 
The primary division yi for example would contain about *5% of the 
total number of cards in a collection One kind of secondary classification 
IS based upon the pattern types of the index fingers arches tented arches 
ulnar loops radial loops The occurrence of a plain arch a tented arch 
or a radial loop on an) digit other than the index also is recorded These 
pattern types symbolized by initial letters of their names are entered 
in the classification formula in numerator denominator form right hand 
m the numerator and left hand in the denominator Using capital initials 
for the index finger small letters for the other digits and adhering to a 
standard sequence of notation the divisions of the pnmary classifications 
are thus arranged for systematic filing 

More subordinate divisions are made using the ndge counts of loops 
and the ndge tracings of whorls The technology of classification involves 
much detail pertinent only in works designed as manuals for the identifica 
tion worker 

Single finger print classifications have been devised for dealing with 
chance prints found at the scene of crime Only in exceptional arcum 
stances does the standard ten finger filing s)stem aid in the identification 
of a chance print as when there are grounds for suspecting a particular 
person whose filed finger prints may be then compared with the chance 
pnnt Single finger pnnts like complete finger pnnt sets are classifiable 
The classification is necessanly earned beyond that required for ten digit 
sets taking into account the more minute features of the pnnt Manuals 
designed for the identification worker may be consulted for details of 
method (43 49 66) 

Individualitv of the Finger Print 

Routine finger pnnt identification is practicable because finger pnnts 
lend themselves to classification The validity of identifications estabbshed 
by finger prints rests on two cardinal facts (a) The patterns and the 
characteristics of single ndges are permanently fixed Except for enlarge 
ment m the course of bodily growth there is no change m the ndge char 
actenstics of a finger pattern throughout the lifetime of the individual 
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hausti\ely, without encountenng a single case of duplication The possi 
bihty of duplication is put to severe test in these twins, for the two mem 
hers of the pair ha\e the same inheritance In spite of the control bj the 
same genetic factors, their finger pnnt characteristics are never identical 
and at best there is merely a dose resemblance (Fig 144) 

It IS a familiar observation that the structures of plants and animals 
are widely variable Corresponding parts of the same species may seem 
to present little or no difference if the inspection is merely casual But 
many unhkcnesses become apparent if the objects are esamined closely, 
and the number of differences increases as attention is directed to more 
and more minute characters The philosopher Leibniz contended as 
have many others before and after him, that “there are never m nature 
two beings which are exactly abke, and in wbch it is not possible to find 
a difference ’ Thomas de Quincey relates that Leibniz u as once explaining 
the matter to a royal personage, to give point he turned to a gentleman 
in attendance with a challenge to produce from any tree or shrub two 
leaves duplicating each other m venation The challenge was accepted — 
but the duplicate leaves could not be found As with leaves, so it is with 
finger prints The London newspaper, Nrus of the World, was quite safe 
when m 1939 it offered a pnze of £ioco to the person having a finger pnnt 
identical with any one of a senes of pnnts pubhshed for the contest 
The unique character of eveiy biological aggregate — a single leaf, a 
finger print, 'an ear of corn, the stnped pattern of a eebra — has been 
recognized m the axiom, ‘ Nature never repeats " ithout questioning 
the intended meaning of this axiom, the suggestion might be offered that 
It read “Nature never repeats exactly ” If nature did not repeat at all 
there would be no multiples of the same class — trees and men, whorls 
and loops, and indeed no universe of fingers to bear whorls and loops 
Such repetition, however, is confined to the general molds of things and 
in the last analysis of detail "Nature does not repeat 

In spite of diligent search, an instance of duphcation of two finger 
pnnts never has been found Thisis not unexpected in view of the operation 
of the law of simple probabihty, or chance The occurrence of minutiae at 
specific points is governed at least m large part by developmental processes 
which yield random results Accordingly, the presence and locations of 
forks, ends and other ndge details may be considered from the same 
mathematical approach which ajqihes for example to the chance of 
throwing a particular face of a die, or the head of a com To some degree 
finger pnnt minutiae are subject to control through inhentance (Chaps 
12 14) but even the maximum possible “loading” by inhentance is 
msuffiaent to counteract the random production of these details 
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Pearl' refers to the tossing of a com as “a classical event’ because this 
act has been so frequently used m the discussion of probabihty Following 
tradition, the same example may be chosen here Imagine first the random 
tossing of a penny Because the com is a thin disc it is bound not to stand 
on edge after an ordinary toss This much is certainty but no one can be 
certain of throwing a head, or a tail The face which lies upward after the 
throw may be either head or tail and that each has an equal chance m the 
result can be determined by trial If the com is tossed many tunes, it 
will be found that equal numbers of heads and tails ha\e appeared and 
that no toss can influence the result of any other The chance of a head, 
or a tad, may be expressed as the fraction “Head has one m two 
chances and "tad” has one m two 

Having dealt with this problem in its simplest terms with the toss 
of one penny, the chance involved with the use of two pennies is next to 
be considered At the toss each com has an equal chance of falling head up 
What IS the chance of heads for both pennies? Of the three possibilities — 
two heads, one bead and one tad and two tads— there is one chance m 
four that two heads will appear The mathematical formula for deter 
mining this result is simple Knowing the chance involved m each of the 
two events the probability of their occurring together is the product of 
these two chances M X H ^ H On this same principle, the chance 
of all heads in the toss of any number of pennies may be calculated If 
there were 25 pennies the chance of falling all heads is H raised to the 
35th power, or 1/35,554 43J 

The chance of all heads in a toss of 3$ pennies is small but an enormous 
reduction of the chance of obtaining a prescribed result would be intro 
duced by imposing specific restrictions Assume that the coins are marked 
for identification, each of them with a different letter and that the floor 
on which they are tossed is laid off in 25 squares correspondingly lettered 
Postulating that mechanical provisions for the toss insure that one com 
will he m each of the squares what is the chance that each com will fall 
head up within the square corresponding to its identifying mark? The 
judgment of common sense is that the chance must be exceedingly small. 
It may be calculated by the formula previously used The chance of one 
com lying head up within its proper square is the product of the chances 
of these two independent events, namely X The chance 

that all 25 coins satisfy this requirement is *50 raised to the 25th power or 


2,980,232,238,769,531,2^0,000000,000 000,000,000,000,000 

* IntroJueiion ta Medical Bicmelry and SMuI a 3rd edition Philadelphia W B Sauadm 
Co 1940 
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The chance of the occurrence is therefore so infinitesimally small that 
from a practical ^^ew it may be completely disregarded 

Probability or chance is subject to experimental proof in applications 
such as com tossing Though this experimental proof is feasible onlj in the 
higher brackets of chance the correspondence of computed expectation 
and actual result is a comforting sign that the same law holds when the 
chance is lowered through increase m the number of items that must be 
satisfied 

The accelerated dunmution of chance with progressive increase of the 
number of coins fulfilling the double requirement of head and Ijing 
in proper square is hardly appreaated unless one actually sets down the 
numbers There are good odds that one of the coins will conform to require 
ment the chance being The chance that two will confonn to 
1/3 500 for each additional conforming com the chance is only ’■^0 of 
the piecedmg thus 3 corns 1/125000 4 coins 1/6250000 5 coins 
1/312500000 6 coins 1/15625000000 etc 

How does this apply to the individuahty of a finger pnnt’ In brief 
the concatenation of speafic ndge details existing m the finger pnnt 
example chosen may be likened to a successful result in the tossing of the 
25 COIRS In the finger print the result is already m existence having 
been brought about dunng the period of difierentiation of the skm ndges 
several months before the person was bom The cogent question is whether 
an identical result ever might be realized m some other finger The prac 
tical answer to this question is no 

The occurrence of a particular ndge detail in a particular place is not 
a strictly random event but that the element of randomness plays the 
chief rfile in produang it is evidenml bj the differences which occur m 
identical twins Inheritance is the factor which may influence random 
ness but even in two individuab having the "^ame inheritance the com 
bmations of details are widely different For treatment of chance m 
reference to finger pnnt details it seems safe to appl> the usual computa 
tion for the concurrence of random events only remembenng that in 
closely related individuals the chance IS increased The increase however 
can not be mathematically corrected The only correction which is 
av-aDable is to set the chance of duplication of the single items at a figure 
which IS undoubtedly much hi^er than actuahtj 

Only to a limited extent would it be poss ble to determine the actual 
frequenaes of the finger pnnt charactenstics The pattern used m this 
discussion IS an ulnar loop Ulnar loops are common as instanced by their 
64% occurrence m the Scotland lanl senes (Table i) Disregarding the 
varying frequenaes of vdnar loops on different digits there is thus a 
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mathematical chance of i/i 6 + that two prints from different digits might 
both be ulnar loops The pattern m question is an ulnar loop having a 
count of 11 ndges, and if this feature be also taken into account the chance 
of duphcation of the two characters (pattern type and ndge count) is 
much smaller Roscher’s data (75) on ndge counts of 3000 ulnar loops 
show only 154 having counts of ii ndges Still ignoring unlikenesses 
among different digits, there is a chance of 1/19 5 that two randomly 
chosen ulnar loops would have counts of ii ndges Employing the usual 
mathematical formula, the chance of concurrence of this particular 
pattern type and ndge count in two fingers is 

J-x_IL = Z 

16 19 5 31 

There are no data on the frequenaes of specific minutiae occupying 
specific positions m patterns Balthazard and others discuss the chance of 
duphcation of two prints on the basis of a probability of repetition of a 
single detail This figure exaggerates the chance of coincidence Wentworth 
and Wilder (79) point out that the real probability would be closer to 
Ho, or even }{oo Avoiding both undue exaggeration of chance and the 
possibility of minimizing it through the use of too low a value, ne may 
choose Ho as a working figure If each of the 25 details indicated m figure 
9$ might be duplicated by chance in a pattern of another finger the 
mathematical setup for the chance of duplicating the entire series of 
details IS exactly that which apphes to the problem of tossing the 25 coins 
onto 25 squares, the requirement being that each com fall bead up within 
the square having its own letter That chance as shown above is expressed 
in a fraction in which the numerator is one and the denominator is a 
number having 43 places I 

It must be realized that numerous details are available in a finger print 
comparison Twenty five are selected in the example discussed, but the 
number present in one print often reaches a much higher figure, 60, 80 or 
100 Another arcumstance deserving emphasis is that negatiie char 
actenstics are not included in the enumeration, the lack of an interruption 
or fork m an extent of a ndge (e g , the w bole length of ndge D in figure 98) 
is a feature which is just as important in the mathematics of chance as the 
presence and positions of particular minutiae The mathematical chance 
of duphcation is therefore even smaller than the figure ated aboie E\en 
if only pattern type and ndge count are considered m addition to the 25 
minutiae, the chance is reduced 31 tim», each ndge detail added to the 
senes would reduce the chance by 50 times The chance of duplication of 
this finger pnnt is therefore so extremely small that common sense rejects 
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as fantastic the idea of an actual realization The mathematical treatment 
IS perforce used m evaluating the chance It is unfortunate that this 
approach carries the implication that a complete correspondence of two 
patterns might occur, when as a matter of fact the mathematical reasoning 
merel> supplements observations indicating that such dupbcation is 
beyond the range of possibihty Under the circumstances it is impossible 
to offer decisive proof that no two fingers bear identical patterns but the 
facts in hand demonstrate the soundness of the working pnnaple that 
prints from tdo di£trenl fingers never are identical * 

Ue are reminded m this connection of the distinguished saentist 
Carl Ernst von Baer, 1792-1876, who ip his eightieth year declared his 
conviction that he might not die The reasoning upon which he based 
that opimon was “Thus far, all human beings eventually have died The 
saying ‘All men must die' goes too far, actually it should only claim ‘All 
men so far have died ’ Even so, the statement is based only upon an ezpe 
nence to which there might be exceptions ”* The claimant for actuahty of 
duplication of patterns on two different fingers would take a position 
about as defensible as that of von Baer on exceptions to the law of nior 
tabty To be sure, a defendant before a court of law might argue the 
possibility of duplication of finger prints It might be claimed that an 
incriminating chance print, shown in expert testimony to be identical 
with one from a finger of the defendant, is in tn h that of another man 
The advocate for the defease hails the coinadence as the realization of an 
occurrence predicted by mathematics' Such a claim, instead of demon 
strating that prin^^rom two different fingers are duphcates proves the 
weakness of a defend w^ch must resort to patent misrepresentation of the 
attitude of saence 

Workers faimhar with finger pnnt minutiae all affirm that there are 
no two duplicate pnnts of different fingers They recognize many qualities 
other than the mere occirfrcnces of details The minutiae hke total 
patterns, have individuahty The intemiplion between two ndge ends 
may be short or long the ndges may or may not deviate m direction as 


* There is an extensive Utenture on the philosophy of proof as it relates to questions such 
as that here concerned with mdividuabty of a finger print. Tht PrebUn tj Proef b) Albert S 
Osborn (inded Newark The Essex Press 19x6) presents an excellent discussion of the canons 
of proof in legal applications though the profilems are illustrated' especially by disputed docu 
ments the general arguments (see espeoany his Chap 15} and references to the bterature are 
equally pertinent to the issue of finger print proof The tenets and history of the theory of 
probability are succinctly oulhned by Flonan Caym in his A Iliitorj oj UoIIuhmSus (rod ed. 
New \ork. The Macmillan Co , igjr) 

•From A. Ecker, 100 Jabre nner Erniwrxer Pnfetsortn/antlie 1886 — Quoted by E 
Stemplinger, V CH beruAmUn AnUn R. Piper fr Co , 193^ 
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they terminate, bifurcations exhibit varying spreads, and many similar 
individual distinctions of minutiae occur 

When all these finer qualities arc appreciated, it is not surprising that 
identifications of individuals are possible when only partial prints are 
available Some chance prints contain a brnited number of ndge details, 
the impressions being fragmentary Authorities agree that demonstration 
of 12 correspondences 0! minutiae (and of course no discordances) proves 
that two prints originate from the same finger Others are willing to go 
further, holding that in some arcumstances correspondence of six or eight 
points establishes a positive identification (79) In the routine of identifies 
tion, there is naturally no question of the possibility of duplication 
since prints of all ten fingers are available for comparison with a new 
finger print set The individual distinctiveness of the complete finger print 
set IS expressed in the combination of the vanous pattern types, ndge 
counts, pattern form and other conspicuous features as well as m the 
complex of details in each pnnt 



COMPARATIVE 

DERMATOGLYPHICS 


HE ridged skin of palmar and plantar surfaces is often termed 
“fnction skin ’ Its structural speaalization is adapted to locomotion 
grasping and the reaplion of tactile stimuli This 
speaalization characterizes all primates (prosimians 
monkeys apes and man) and it occurs sporadically 
in some other groups of mammals The present 


chapter surve>s the occurrence of ndged skin and its configurations in the 
whole class of mammals 

Dibtribtjtion among MAiOtAis Quadrupedal animals character 
istically have no dermatoglyphics Part of the under surface of the paw 
s® 
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of the cat or dog, for example, is hairy, though the foot pads are bare, 
ndges do not occur The pads serve as cushions in walking, and the 
absence of hair on them is an adaptation to the walking function \Vhen 
dermatoglyphic specialization does occur in quadrupedal mammals, it is 
apparently associated with prehensile use of the members At any rate, 
the speaalization is hnked with function rather than with the place of the 
animal in the systematic classification 



Pic 10}— Fore foot (A) oad bind loot {B) ot the tree rhreir Tupa a laccmata lacemata 

The field mouse (Fig 99) typical of generahzed rodents, possesses 
prominent walking padj which do not bear dermatoglyphics Another 
rodent, the common squirrel (Fig 100), has ndges partially covering some 
of the pads Inseclivores also are diverse with respect to the presence of 
dermatoglyphics, which in this group are at best only incompletely 
developed Both the hedgehog (Fig loi) and tree shrew (Fig 103) possess 
patches of ndged skin, but the arrangements of ndges are quite different 
in the«e two insectivores Most carnivores lack dermatoglyphics, though 
m some forms the de^’elopment of ndged skin is fairly advanced, as m the 
arboreal kinkajou of South Amenca (Fig 103) The marsupials are widely 
\anable Some marsupials ha\e no dermatoglj’phics and others, hke 
Tarsipes, display ndges a\er tbs pads, Marmosi (Tig Z04) has more 
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extensive ridged skin, and in Phalanger (Fig 105) the sole is completely 
covered vnth ridges Nopnmatekcksatleastsomendge beanngareas but 
the members of the group vary widely in the extent of the specialization 
Origin of Ridges Epidermal ndges are modified scales primitively 
imbncated in arrangement Each scale is assoaated with one hair or a 
hair group, and a sweat gland In the evolution of fnction skin the hairs 
disappear, and scales aggregate into ndges The story of this evolution 
IS traced bj Whipple, from whose work the following digest is extracted 
Among mammals other than pn 
mates there is considerable vanation in 
the intimate structure of epidermal 
ndges, both as evidenced on the skm 
surface and in histological organization 
Only the conditions in pnmates are to 
be mentioned Prosimians, the lowest 
pnmate group, afford a good illustra 
tion of progressHe stages of ndge forma- 
tion The prosimians, unlike man apes 
and the majonty of monkeys, exhibit 
large areas ID which ndge fonnatton is 
incomplete The pads bear fully dcvel 
oped ndges, other regions displaying 
structures designated by Whipple as 
epidermal “warts” and epidermal 
“nngs ” 

The probable evolutionary steps in 
ndge formation, as seen in the lemur 
are illustrated in figure 106 The incom 
plete ndges are represented by minute 
elevations, warts (islands), each bearing 
in its center the orifice of a sweat gland duct Epidermal nngs are annular 
conglomerates of such warts The larger nags are elongated in the same 
directions as the neighboring ndges Continuous long ndges would result 
from fission of the extremities of elongated nngs, followed by end to-end 
junctions mth similarly disjoined elements of nogs Some pnmates lack 
nngs but the warts gather m lines which are “prospective ’ ndges The 
transition from warts to nngs or from either to long ndges is not to be pic- 
tured asasequencemthedevelopmentalhistory of the individual Instead, 
it IS an expression of an evolutionary process which has been halted m sue 
cessive phases, since ndges devdop in the individual without passing 
through these steps The successive pore beanng segments of a ndge, like 



COMPARATIVE DERM ATOC L Y PHICS 


159 

Single islands, are morphologically equivalent to warts Even m those 
pnmates where ndges are continuously developed over the whole palmar 
and plantar surfaces the zones of junction between ridged skin and the 
unspecialized skin of the dorsum show transitions from ndges to islands 



PiQ t 04 — Left h nd foot of 
MftRSOift inunnt 1 meniip »1 of 
tbe opposum group (From Dank 





Pic ios — R ght h od foot of PbaUnger 
fnaeulatus a phalanger ne opotsuci (Prom 
Doitkme jer) 



The minutiae of epidermal ndges in non human pnmates are compara 
hie to those in the human hand and foot These details, together with vana 
tions m pattern construction are applicable in individual identification as 
in man Indeed they are put to this use in the chimpanzee colony mam 
tamed by the Yerkes Laboratones of Pnmate Biology, Yale Umtcrsity 
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The JIoephologic Plan of Volar Pads and of Configurational 
Areas 

The feel of ceitain grcmps of manunals bear cusiuoa hie elevations, 
the uaJktng pads or volar pads Epidennal ndgesiit some forms are limited 
to these pads Volar pads are the background of a systematic topography 
of configurational areas The pads are subject to considerable vanation, 
evidenced m lowering, expansion and mutual fusion In spite of such 
departures some degree of conformity to the basic morphologic plan of 
volar pads is apparent in all pnmates That plan is well exemplified m the 




night monkey, Aotus, which has pads presenting a nearly primitive 
arrangement (Fig 107) Theplanof pads is correlated with the topogTaph> 
of configurational areas (Fig 108) 

The terminal segment of each digit bears an aptcal pad, and on palm 
and sole there are pads composing a margmal and a central senes Seven 
of the palmar or plantar pads are included in the marginal senes Of these 
four are the distally placed tnlrrdtgtial pads (pads I, II III I\ — the 
senes being numbered in accord with the interdigital intervals vpnth which 
they are related) The proxunal elements of the margmal senes are a 
dtslal hypolhemr pad (flO and a prottmal hypolkenar (H'), in the respec- 
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live regions of the ulnar or fibular border, a thenar pad {Tfi), in the radial 
or tibial region, which in the sole may be divided into two elements, 
distal thenar {Th^) and proximal Ihettar {Th^) In addition to the seven 
pads above enumerated there are two smaller and less constant com 
ponents of the marginal senes They are accessory pads, adjuncts to 
interdigitals II and IV (designated II'^ and IV** in the palm, II' and I\'-^ in 
the sole — the Roman numerals identifying their relation to the respective 



Fic io8 — Slorphalegic pUn o( tb« dennsteglypbict m palm 0*tt figure) end eole t It 
tit «Ad IV M Interdigitel «r«a« deeignated bjr the reepective Dumber*, tV i* k field oeca> 
(loiuUy found on the r*dial aide of II »od IV* represent* a iimilar accessory feature in close 
relation to IV, The elements of the central area are termed ** 3* and 4*, emphatiung their 
proximal relation to the corresponding interdigital patterns The hypothenar area it repre* 
tented «itb separate distal and proximal components //* and /I* The thenar {TA), occupying 
the thenar cnunence, usually is separated from the hypothenar configuration by a definite 
parathenar configuration (P-IA) —With the exception of the netessanly diSerent notationx 
of accessory patterns ff and IVt the distal centra! and hypothenar portions of the sole 
correspond to the plan of the palmar dermatoglyphics The thenar temtory occasionally 
presents a separation of dutal and proximal elements {Th* and TA*) and on the heel a calcar 
pattern (C) occurs occasionally 


interdigital pads, and the superscripts giving the initial letters of anatomi- 
cal directions) Finally, there are three central pads located in the central 
area of the palm or sole in proximal relation to interdigital pads II, III 
and IV (these central pads bcia^sccoediagly named s*, 3^ and 4^) 

Proximal to the central pads the palmar or plantar surface is depressed, 
fepresenting the parathenar area (P-lh). The heel region, which is inter- 
preted as a prolongation of the hypothenar zone, is the calcar area (C). 

Almost never is the full complement of volar pads expressed The 
accessory pads related to interdiptab II and IV have been observed only 
in the slow loris, the night monkey and fetal man, though thdr occurrence 
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as reflected in the dermatoglyphics ts known to be more widespread 
Central pads likewise are only infrequently present in pnmates The 
major pads of the marginal senes may be variously modified 

The consistent disposition of pads and of such surface irregulanties 
as the parathenar area is manifested in the morphological plan of der 
matoglyphics (Fig ro8) The plan of configurational fields is in the main 
a counterpart of the volar rehefs which have been descnbed However a 
speaes which in the adult has vaguely marked pads may present con 
spicuous pads in the fetal penod (Chap lo) The epidermal ndges over 
the surface of a pad may form a pattern, though as in the human palm 
and sole, the pad area often bears an open field Sometimes as in the 
parathenar area, a discrete pattern or open field is assoaated with a 
depression The close correlation between dermatoglyphics and modeling 
of the volar surface reflects the fact that in fetal development the surface 
irregularities and ridge alignments are conditioned by the same factors 
of differential growth (Chap lo) 

Varwtion in Primates 

Extent of Formed Ridges The prosimians, comprising the lowest 
pnmates such as lemur, tarsier, bush bab>, Ions and potto, are vanable 
with regard to the extent of ndge formation In the bush baby definitely 
formed ndges occur only on the pads The slow Ions, m contrast, has the 
palmar and plantar surfaces continuously ndged except m fienoa furrows 
and occasionally m the central portion of the palm Other members of the 
group show different degrees of spread of the ndged area 

In monkeys of the New World including marmosets the howler, mght 
monkey, spider monkey and capuchin monkey, there is also considerable 
diversity The night monkey shows the least extensive ndge formation, 
areas other than pad surfaces presenting only islands and very short 
ndges Occasional individuals among marmosets and capuchins exhibit 
incomplete ndge formation in the central portion of the palm or sole and 
m the proximal extrerraty of the sole Continuously ndged skin is char 
actenstic in other New World monkeys, in monkeys of the Old World, 
m apes and in man 

Incomplete ndge formation is Jess extensive and less frequent in the 
foot than in the hand Inasmuch as ndge formation represents an advance 
m structural speaalization, it is evident that in this respect the foot is 
more ad\’anced than the band 

RipcE Breadth in Primates ileasurement of ndge breadth is 
stated indirectly through the count of the number of ndges crossed by a 
i*cm line For the human hand O'oung adult males), the average count, 
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including the five finger patterns and fi\e areas of the palm, is 20 7 It 
has not been possible to make exhausti\e determinations in other primates, 
but the available observations are of interest when compared with findings 
m man 


TABLE 33 

Cos. VIS OT Ridc£s per CENTi>£ETEm.TB£ Palma* Hypothena* Area is Adflt Pbdiates 
AKRASCED in the OlbES OP ISCSEASISC ILa*® Lesctbs 
(Only one speamen of each form tzetpl vknt a numbor n tndicaUd Ike fpirestn Iheu inslaiues 
bang areragtt of gbe ietermtHaltons) 



fraorf length 

Rirfge 

ffancf length X 100 
Ridge count 

Solemn (squirrel monkey) 

S A 



Aotus (night monkey) 

$ 4 

as 


Cebus — a (capuchin monkey) 

7 • 

2 J 


Erythrocebus (patAS monkc)) 

S a 

*4 


Lemur 

8 S 

36 

aj 

Cercocebus (mangabey) 1 

9 S 

it 


Lsgothru («ooUy monke)) 1 

10 s 



Silacaca— a (macaque) ' 

10 7 

ao 5 


Magus (Celebes macaque) 

10 9 

it 

47 

Pygatbru (langur) 

■ a 0 

to 

60 

Ho!n»— 200 

10 a 

>8 5 

104 

Alouatta (howler noakey) 

ao 0 

>7 

74 

Pan— 3 (chimpanzee) 

ao 8 

a« 5 

98 

Pongn— 4 (orsng) 

»4 9 

ao 6 

ai 7 


Comparative observ’ations must take hand siae into account since 
ndge breadth in man is loosely correlated with hand size Table 23 lists 
the determinations in a senes of genera entered in the order of increasing 
hand lengths from about 5 cm in the squirrel monkey and night monkey 
to as much as 24 cm in one of the large apes Companson of the hand 
lengths and ndge counts suggests a trend, even if an irregular one, toward 
an inverse relationship between them Three forms (squirrel monkej, 
woolly monkey, howler monkey), having hand lengths which compare 
as I 2 4 present ndge counts that are about equal Then again, forms 
having equal hand lengths maj exhibit quite different ndge counts, as 
m the fiowfer monkey and man These departures from inverse correidtian 
between hand size and ndge breadth indicate a partial independence of 
the factors which condition ndge breadth 

The foregoing comments concern adults alone For man and chim 
panzee there are observations on both adults and juveniles, so that it is 
possible to state the relationship between hand length and ndge count in 
assoaation with age differences Vanability is here less than that among 




OERUATOGLY Pares 


164 

adults of difierent genera presenting corresponding unliXenesses of hand 
size In the chimpanzee senes the oieffiaent of vanation of the hand 
length/ndge count index is la o and m the senes of human individuals 
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P Imar 

having hand lengths equal to those of the chimpanzees the coefficient of 
vanation is 12 8 In 3 comparison of thirteen diSerent pnmate genera the 
vanation is more than four times as great, with a coefficient of 55 7 
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This fact strengthens the conclusion that the characterization of a genus 
by djstinctivel> fine or coarse ndges is in a measure divorced from the 
factor of hand size 




Intergenenc vanation m ndge breadth is confined to a relatively 
narrow range, which suggests that proper functional performance of 
epidermal ndges depends «v some way upon restricted variation in ndge 
breadth 
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The PRnnxrvE Pattern Vaneties of patterns as emphasized m 
the description of human finger pnnts may be arranged in a senes of 
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Pic 114 — Palms aodadesaf thegibboo Hylobates. 

transitions between dissimilar types Thus as shown in figure 48 one may 
trace vanous Imes of descent from the typical whorl to the simple arch 
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progressne reduction m the size of a whorl and final conversion of the 
pattern area into an arch or degradation of a whorl into a loop and 
regression of that loop into an ardi These steps compose a pictorial 
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sequence which may be read in either direction The whorl may be con 
sidered as degenerating or reading in the opposite direction it may be 
regarded as evolving from the sim{^ arch There is of course no real 
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conversloa from one configuratum type to another since in the fetal 
penod a pattern IS formed in its fixed character Nevertheless thesenation 
aids in onenting a problem which presents itself many comparative treat 
ment of configuration types namely the tracing of pattern types from 
an assumed primitive status This problem can not be finally resolved 
but as a working hypothesis the whorl is considered pnmitive 

It is generally granted that volar pads pnmitivelj serve as cushions 
m walking and that their lowering and loss of outlines are adaptations 



VtG 1 — Soles of the or«\g Pongo 


to prehensile use of the hand and foot Since the shape of a pad is so m 
timately assoaated with the character of its pattern the pads afford an 
indirect approach to the question of the pnnutneness of patterns In 
pnmates the apparently pnroitivc volar pad is an elevation with a cir 
cumscnbed base and a more or less pointed summit This conformation 
of a pad IS developmentally correlated with the presence of a whorl 
(Chap ii) It may be assumed therefore that the whorl IS the pnmitive 
pattern type and that other pattern types are advanced being correlated 
with regressive changes of pads 

Apical CovriointATiONS Most New World monkeys all Old World 
monkeys and apes (Figs 115 116) present apical patterns which are 
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morphologically comparable to those already described in human fingers 
and toes. These general morpholopcal amilarUies are evident even if the 
observations are limited to a single ^lecimen or only a few specimens 
representing a genus, but owing to limitation of material statistical com- 
parisons are possible only in a few genera. The frequencies of pattern types 



Rw,. w, — vwjJl*- 


on fingers of chimpanzee (129) may be died in illustration of the statistical 
comparison that eventually may be made mother primates. In chimpanzee 
the frequencies are, in, round twimbers: whorls, 50%; ulnar loops, 40%; 
radial loops, 9%; arches, 2 %. The ridge counts of loops in chimpanzee 
average r*.4 ridges, hence pattern sire Is comparable in chimpanzee and 
man. These frequencies approdmatc the distribution of pattern types 
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in man yet there are several noteworthy peculianties of the chimpanzee 
patterns (a) W horls are mote e\enly distnbuted among the digits (b) 
The whorls are chiefly twin loops lateral pocket loops and accidentals 
Monocentnc whorls form bttle more than one third of the total as com 
pared with the proportion of about four fifths m human fingers The 
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frequenaes of monocentnc and bicentncwhorlsm chimpanzee fingers com 
pare closely however with the frequenaes of these types m human toes 
'Tue ‘iw; ptf Amis tA xhumpaiDart tSuto ^3% Tvliiui’rs xfi tAi/Ai laan'rj 

half are monocentnc and the remaining patterns are chiefly fibular loops 
(c) Radial loops in chimpanzee fingers are almost confined to digit I 
contrasting with the characteristic concentration of these patterns on 
digit II m man (d) Probably because of their location on the more ex 
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panded ball of the thumb radial loops m chimpanzee ha\e counts (15 9) 
larger than ulnar loops (e) Arches occur chiefly on finger ^ instead of on 
fingers II and III as in man 

The morphology of apical configurations in prosimians and some New 
World monkeys is dissimilar to that of human patterns Apical configura 
tions of two prosimians and of one New World monkey are illustrated in 
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figure 109 as representatives of such non conforming patterns In the 
bush baby the central portion of the apical pattern is a senes of longi 
tudmallj aligned ridges enveloped distally and on the sides b> ridges 
forming a looped frame of the pattern area The sj stem of looped ridges 
extends also to the dorsal aspect In lemur the looped frame is shifted 
dorsally and is not evident from the volar aspect Thus m the bush baby 
and lemur the pattern area is so expanded as to encroach onto the digital 
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margins The night monkey also shows an expanded pattern area but the 
convergences of ndges distally and proximally indicate more definitely 
the Umits of the main pattern area Some authors consider such a sequence 
of patterns as steps in the evolution of the speafic pattern Ijiies appearing 
in higher primates More probably they are merely assoaates of highl> 
speaahzed pads pads which are flattened and expanded 
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Palms am© Soles In cbAinctenzing palms and soles each genns or 
group IS to be described in terms of general trends All primates display 
individual variations in configurational arrangements the magmtude of 
these variations being greatest in the apes and man The illustrations 
(Figs I10-I2J) are hmited in many cases to one representative palm and 
sole of each genus Numerous illustrations would be required to indicate 
the scope of individual variation 



Pic l»i —Human palm* 

Adherence to the basic plant of dermatoglyphics (Fig io8) indicates 
lack of speaaliaation Since no pnmate conforms fully, and since only the 
seven (or in the sole eight) marginally placed configurational areas 
approach any degree of conastenQ' throughout the primates major 
emphasis is placed upon these marginal areas In most genera the sole 
presents greater divergence from the morphologic plan than does the palm 
The genera of lowest pnmates (prosimians) are diverse (Fig no) 
Of the four genera illustrated, the tarsier deviates conspicuously from the 


morphologic plan It is the most specialized prosimian as indicated by 
absence of whorls and infrequency of other true patterns The group ot 
New World monkeys (Figs in— iia) has both pnmitive and advanced 
representatives Some are so pnmitive that they lack complete ndge 
formation over the palm and sole a feature otherwise limited to some 
prosimians The most highly advanced form in this group is the spider 
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Departures from the basic plan occurnng in Old World monkeys 
(Fig 1 13) are almost confined to fusions of the thenar and first mterdigital 
areas The characteristic patterns on all areas are whorls 

In higher pnmates the order of increasing modification of the basic 
planis man (Figs 121 122) orang(Figs 115 ii6) gonl]a(Figs 117 118), 
chimpanzee (Figs 119-120), gibbon (Fig 114) Possibly the positions of 
gorilla and chimpanzee m this list should be transposed 

Proximal and Middle Phalanges In some adult pnmates the 
proximal phalanges bear pads their positions conforming to a consistent 
plan like the mam pads of the palm and sole Inclusion of phalangeal pads 



m a basic morphologic plan would be justified In the human fetus such 
pads have been noted and since they subside in the course of develop- 
ment it IS quite likely that other pnmates which lack pads in the adult 
state may possess them transiently in the fetal period The fairly common 
occurrence of sharply localized configurations on these phalanges fur 
mshes further proof that such pads had existed in the fetus (Chap 10) 
The dermatoglyphics of middle phalanges indicate that fetal pads might 
occur there also 

Localized patterns are exemplified in the orang (Figs 115-116) where 
there is wide vanability in the frequency and xaneties of configurations 
on these segments The occasional paired patterns on the proximal 
phalanges in the orang is of interest m connection with their frequent 
appearance in some other forms the capuchin monkey for example In 
man such patterns rarelj occur and their restriction to the proximal 
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phalanx is m keeping with a higher frequency m other pnmates of patterns 
on proximal phalanges than on middle phalanges In most pnmates the 
configurations of the phalanges cdUechvely form slanting systems of 
ndges (Chap 4) 

The proximal and middle phalanges of prosimians usually are devoid 
of ridges and in a few New World monkeys the skin of these regions is 
incompletely ridged 


C‘» — O TALKS sous 
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grtktcr avunbcr u>d complex Xf of pklleras 

Rmcc DniEcnos The directions of ndges in areas of palm and sole 
which are undisturbed by local patterns vary from longitudinal to 
transverse The trends exhibit no orderly distnbution with regard to the 
systematic classification of pnmates In gibbon and the great apes the 
direction ranges from longitudinal to oblique In chimpanaee jt has been 
shown {i2p) that in spite of the generally longitudinal alignment of palmar 
ndges there is a bimanual distinction equivalent to that of the human 
palm, the tendency being for ndge courses to incline more to the transverse 
direction in nght bands In man the palm presents a combination of 
longitudinal and (Uagonal aligrnnents, on the sole ndges course trans 
versely or on a slight slant 

^Vilder (loi) records a pair of human palms (Fig 123) presenting 
remarkable similanty tc. the longituduial configuration observed in apes 
Only one other instance of this singular relationship is known (291) The 
authors reporting this second case term the condition ‘ orangoid and 
they regard the longitudinal abgnment as an atavism In contrast to 
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Wilder’s subject, where the pecubanty distinguishes both hands in the 
second instance only the left palm presents the distmctne longitudinal 
direction, the mam line formulais 1 1 1 1 

Pattern Intensity The method of pattern intensity descnbed in 
Chapter 4 is applicable m analyzing the configurations of palms and 
soles, though in practice it has been modified with regard to the numerical 
evaluations of configuration types (141) Without entering into the detail 



Pic X35 — Dermatoslyph * woolijr monkey 

of the evaluations, but keeping in mind that higher \ alucs indicate greater 
number and complexity of patterns two general results are to be men 
tioned (a) The intensity values of palm and sole may be combined as a 
measure of the status of pattern development in a genus The general 
trends are evident in figure 124 though the values for palm and sole are 
separated It will be noted that the prosimian genera (Tarsius, Nycticebus, 
Galago Lemur) are widely variable among themselves, and that as a group 
the Old World monkeys (Papio, Pithecus Cercocebus, Lasiopyga, Ery 
throcebus, Pygathnx) present the highest values New World monkeys 
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(Oedipomidas Callithnx Alouatta Sainun Aotus Ateles Lagothnx 
Cebus) have lower values Gibbon (Hylobates) the great apes (Pongo 
Gonlla Pan) and man have still lower pattern intensity Fluctuations of 
pattern intensity are not correlated with the group classification of 
primates though the main trends within a group as in Old World mon 
keys may be consistent (b) In all pnmatcs except man and Cercocebus 
(the latter being discounted m view of the limited number of hands and 
feet on which the values are based) pattern intensity is higher m the palm 
than m the sole The distinctive position of man is therefore of peculiar 
interest Lessened pattern intensity is regarded as indicating advance in 
specialization hence in man the sole is in this tespiect less advanced than 
13 the palm 

Catoai. Dzbmatoglvphics The distal portion of the tail in three 
genera of New World monkeys (spider monkey woolly monkey howler) 
bears dermatoglyphics The fundamental ndge arrangement is a herring 
bone configuration which may or may not be disturbed by local vestiges 
or patterns (Fig iss) Monkeys which possess caudal dermatoglyphics 
use the tail as if it were a band— for suspension prehension and explora 
tion It IS therefore evident that the ndged sbn on its ventral surface 
would have the same functional significance as palmar or plantar skin in 
preventing shpping and 10 enhancing tactile seosibihty 

PRrMATE AfFINTTIES 

By combining all observations of descnptive morphology and pattern 
intensity comparisons of pnmate groups may be made with a view to 
traang affimties among them The following condensed statement of the 
results of such companson is extracted from the summary of a recent 
study by the present authors (141) 

The consideration of sfBnities among primates 15 based upon the 
following prermses 

(a) The conditioning of specific dermaloglyphic configurations is a 
byproduct rather than an immediate vehicle of the evolutionary 
process The features primarily concerned in the evolutionary process 
are the volar pads and other gross qualities of form and relief of the 
member The dcimatoglypbic configurations are reflections of par 
tiailar forms and reliefs of the members m their fetal development 

(b) Prominently elevated and arcumscribed volar pads are con 
sidered primitive lowenng of pads and obhtcration of their boundaries 
mdirate rrodification incident to prehensile use WTiorlsand whorl Lke 
patterns are associates of the primitive cond tion of the pads while 
patterns of lesser complexity and open fields accompany states of 
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regression of pads In terms of pattern intensity, higher values thus 
indicate pritmliveness 

(c) Adherence to the basic plan is a mark of primitiveness and 
degrees of specialization are indicated by departures from the plan, 
including such variants as suppression of individual configurational 
fields and fusions of neighboring fields 

(d) Approach to equally high pattern intensities of the several con- 
figurational fields, singly or grouped as described above, is an indication 
of primitiveness Likewise an approach to equality m high total inten- 
sity values of the palm and sole is evidence of primitiveness 

(e) Minor degrees of bilateral asymmetry m pattern intensity are 
ranked as primitive, and increase in dextral and sinistral differences 
pomts to specialization 

Bermatoglyphics are subject to convergences m the evolutionary 
process In marsupials and prosimtans, for example, the dermatogijrph 
ICS cover a range of variation which may be compared closely to that 
of New World monkeys, and what is more to the point, the specific 
trends of variation comprised m any one of these groups are closely 
matched in the others 

The tracing of afiinities is complicated by the apparent mdepend 
ence of the structural expressions which give measures of primitiveness 
and specialization The different criteru lead to different orders of 
resemblance and unlikeness among the forms compared The divergent 
results are suremated, however, m arriving at judgments of 
relationship 

The prosimians are heterogeneous, it should be noted that the 
dermatoglyphics contraindicate suntan origin from a tarsier like stem 
Old World monkeys, with the exception of langur, exhibit least 
specialization of dermatoglyphics, m respect to expanse and character 
of patterns, they have even exaggerated signs of primitiveness The 
resemblance of langur to some New World monkeys is closer than to 
other Old World monkeys The New World monkeys are diverse The 
most primitive members are the night monkey and marmoset like 
monkeys, the most specialized being the spider monkey The squirrel 
monkey and capuchin are neither so primitive as the night monkey and 
marmoset like forms nor so spcaalized as the woolly monkey and 
howler Gibbon is the most specialized simian The three great apes 
and man present specializations which follow different directions tVhile 
these divergent specializations render comparison difficult, the order of 
increasing specialization indicated by the pooled evidence is orang, 
gorilla or chimpanzee, man. Especially m adherence to the baste plan 
of configurations, man is even more primitive than orang, inasmuch as 
that plan is so fundamental a characteristic, it is concluded that man 
stemmed from an ancestra' stock more primitive than any recent ape, 
havmg dermatoglyphic traits more dosely allied to those of monkeys 
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B road understanding of tlie dermatoglyplitcs in human beings can 
be gained only v. ith knowledge of their phylogenetic and ontogenetic 
history The phylogenetic history, traced through comparative anatomy, 
IS outlined in Chapter 9 In presenting the ontogenetic history, or em 
bryology, volar pads call for first attention Volar pads are significant both 
m connection with the morphologic plan of dermatoglyphics and as a 
correlate of individual \an4t10n The fetal development of these pads 
parallels tbeir phylogenetic history The difletentiation of epidermal ndges 
will be traced from a period m which the epidermis is thm and smooth, 
and the factors responsible for production of patterns vestiges and open 
fields also will receive attention Exceot for several references to pads in 
other pnmates, the chapter is confined to human embryology 

Volar Pads 

Hand The volar pads (159) first to appear f'eeond, third and fourth 
interdigitals) are evident at about the sixth week of development At this 
time the hand is still paddle like and, though the five digital rays are 
indicated, the free portions of digits arc only broad scallops of the distal 
border At the dose of the second month, when the total length of the 
fetus is about 2 5 cm , the digits are elongated and separate The pads of 
palm and fingers are evident as localized bulges, conforming in their 
placement to the morphologic plan which has been desenbed Dunng the 
ensuing four weeks the pads become more rounded and individualized 
(Fig 126) Beginning at about the thirteenth week, when the fetus meas 
ures about 7 cm from crown to rump, regression of pads is apparent 
Tkien taWui/s vtWivw’iy wai LVa twwJa.'nAS w/iefi.'jJAit 

Some pads, notably the thenar and hypothenar, are precoaous m their 
involution 

The central area of the palm is at first bulged, but the region soon 
becomes depressed Scattered nodules of thickened epidermis appear 
17* 
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•within this sunken area These nodules are transient, and if they are cor- 
rectly interpreted as vestigial hair follicles, their occurrence, like the 
development of conspicuous pads, is an example of recapitulation Other 
recapitulations of primitive conditions, superseded in later development, 
are noted in the brief appearance of secondary pads on basal phalanges and 
of accessorj' pads associated with the second and fourth interdigitals 
All fetuses develop pads in conformity to the morphologic plan There 
is considerable variation in the time relations of the appearance and 
regression of pads This 'variation is evident in corresponding pads of 
different fetuses and of right and left bands of the same fetus, as well as 



among the several pads of the same hand There are variations also of 
contours, of the amount of elevation and shape of indnidual pads, and of 
definition of boundaries at their bases 

Foot The statements made in reference to the hand apply to the foot 
as ^ell (Fig i j 6), with the following qualifications (159) Fads of the sole 
are in general more expansive than their homologues in the palm They 
develop later and regress later, the onset of general regression being 
delayed about two weeks as compared to the hand 

Comparative Relationships Pads in the human fetus, at first 
conspicuously elevated and definitely bounded, undergo involution (The 
reader might compare his own hand with that of the ten-weeks fetus, 
figure 126.) This Hstory points to an affinity of inan with forms in which 
pads are permanently retained in full development Monkeys of the Old 
World have prominent pads, but even ■within this group the pads of the 
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adult ammal may be relatively lorrer than m their fetal state (146) In 
adult great apes the elevation and definition of pads are comparable to 
conditions m man In gibbon, pads are even less developed than in man 
It may be assumed that the pads of all these higher primates pass through 
a succession of fetal stages similar to those actually traced in man and 
the rhesus monkey There is a positive correlation between pattern mten 
sity and the state of pad development, though jn primates whose pads 
regress only after the dermatoglyphics are differentiated there may be 
lapses m this correlation 

Ridges 

Differentiation of epidermal ndges has been investigated especially in 
fingers (iS 3 -* 56 ) and in palms (165) Except for a casual reference to 
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regional differences in the chronology of ndge formation, the following 
account is confined to fingers 

The critical stages of differentiation occur m the third and fourth 
fetal months, though ndges are not elevated on the skin surface until 
about the eighteenth week The fetal epidermis is at first a thin layer, 
smooth both on the exposed and deep surfaces Through continued cellular 
proliferation the epidermis becomes gradually thicker and the papillary 
modeling of epidermis and dermis IS attained (Fig 39) This process is not 
umformly advanced over the volar surfaces, nor is it uniform even on the 
ball of one finger The fingers are the most precoaous areas m the differ 
entiation of epidermal ndges, while the vile is the most delay ed Until the 
differentiation is complete over all areas, the lag of the foot is apparent 
(Fig 127) 

In a finger, the first region ordmanly presenting papilla like folds of 
the deep epidermis is the central portion of the apical pad Subsequently an 
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independent area of papillary growth arises in the distal and lateral 
periphery of the finger ball, and anotlKC area appears in its proximal 
region (Fig 128 A) From these foa ndge differentiation extends pro- 
gressively until the systems meet Less fre 
quently, differentiation may be completed 

by extension from a single focus centered I I mwli'] 

on the finger ball (Fig 128,8) External j | 1 ' — ~ 1 

pressure on the finger may modify the pro A. 

gress of epidermal differentiation Bonnevie 

asserts that the ingrowth of digital nerves ( ^ ^ 

may play a part in initiating the differentia- 1 ^ 1 \ 1 

tion of ndges and that a blood sinus in the I I ] I i^~^l 

finger ball also may influence the process ^ 

Steffens (119) m an attempt to explain the Fic tis —Progress ve duier 
aierage smsUer size of loops and Ihe grealer 

frequency of arches in toes as compared to trrentution. with a center »nd 

r , . , 1 • peripheral tones which extend and 

fingers, does not consider ingrowing digital Cciit nuous differentia 

nerves and the Wood smns as I.Uly 

regulatory factors o>) the apical bait (Pron Boanme 

Developmental disturbances in existence 
during the penod of ridge differentiation may produce imperfect ndges in 
some areas (3x3) The defect appears as patches of islands and short ndges 
(Fig 129), resembling the effects of some forms of injur> to the adult skin 



Also, though more rarely, the abnonoahly consists of an extreme narrowing 
of ndges m the pattern area (Fig 130) Such disturbances may occur in anj 
region of the dermatoglyphics In affected cases the faulty ridge formation 
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occurs bilaterally In its more severe degrees the defect appears on all ten 
digits of the affected individual, but in the lesser involvements some digits 
may be spared The order of decreasing frequency of the defect inindivndual 
digits is I (which never is free from defect m the cases studied by Abel) — 
II — III — A — ^ The expanse of the defective areas follows the same order 
of diminution Abel holds that there is no intnnsic fault in the tissues con 
cerned, and he interprets the ndge disturbances as the effect of variations 
in tension and pressure within the epidermis The appearance of ndge 
irregulanties m fingers, palms toes and soles of some cases suggests that 
abnormal tension and pressure maj be widespread in the body The 
constitutional aspect of this condition is discussed in Chapter i6 

Since developmental disturbances are 
effective dunng the penod of ndge forma 
tion, the regional involvement in a finger 
may be correlated with the order of for 
mation of ndgcs When the factors for 
abnormality operate after the imtiation 
of ndge development, only th re areas 
not >et active in ndge formation are 
susceptible When the factors operate 
dunngthe phase of union of the ongmaUj 
isolated areas of ndge fonnation, the 
defect IS localized in the proximal portion 
of the pattern area and in the regions of 
tnradu Abe! reports that lesser degrees 
of these disturbances occur in 30 individuals of his senes of 4000 cnminals 
the more pronounced degrees being even less common 

Factors which Conditiov Aucnmevt of Ridges 

Epidermal ndges differentiate in tbcir definitive character That is to 
say, from the very first appearance of ndges the minutiae and configura 
tional arrangements are in their permanent form The factors determining 
ndge alignments are identified with two major developmental arcum 
stances namely, vanations in the histology of different regions and 
differential grow th inadent to the production of irregular reliefs of the 
volar surfaces. 

Bonnevie observes that vanations in progression of ndge differentia 
tion are at least in part correlated with vanations in the prospective 
pattern type According to her, there are two conditions of the epidermis 
responsible for vanations in pattern type the thickness of the fetal epi 
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dermis at the time of ndge differentiation, a water logged state of the 
epidermal cells (the Pohterung of Bonnevie, herein termed cushioning) 
Bonnevie states that cushioning predisposes against the development of 
whorls and loops This relationship is questioned by three workers (266, 
299> 347) who regard the lack of correlation between frequencies of arches 
in various raaal groups and the calculated gene frequencies (Chap 12) 
as a sign that arches are not dependent upon cushioning Karl, however, 
grants that both epidermal thickness and cushioning might be concerned 
m the developmental mechamsm which produces arches 

Bonnevie also correlates variations in contour of the embrj ontc finger 
pads with the presumptive pattern formations, the correspondences mdi 
eating the influence of generalized growth processes on the character of 
configurations, especially as regards the formation of loops and other 
asymmetncal patterns Cummins (157) emphasizes the role of growth 
stresses m the developing skm This source of conditioning of ridge direc 
tion first suggested by KoUmann (136) is now supported by evidence 
which amounts to an expenmental solution of the problem 

The experimental method is commonly applied when it is desired to 
identify and analyze factors of growth and differentiation An animal 
such as the opossum bearing young which are still embryomc might lend 
itself to expenmental alteration of the intrinsic developmental environ 
ment of the dermatoglyphtes By exasmg and grafting bits of volar skin 
or by minute mtradermal injections for induction of localized tensions 
It might be possible to demonstrate the factors which condition alignment 
of ndges This approach never has been attempted, but a natural substitute 
for experimentation has been utilized (157) The hands and feel are sub- 
ject to diverse developmental abnorraahties such as syndactyly (webbing 
of digits) and polydactyly (supernumerary digits) Observations of derma 
toglyphics in these and other malformations indicate that ndge alignment 
IS conditioned by the stresses and tensions incident to the general growth 
of the part Differential growth is obviously a necessity for the production 
of the characteristic form of any bodily structure Were it not for the 
occurrence of unhke rates of growth at different points the hand and foot 
would not develop their charactenstic form, and pads w ould not be present 
as localized efevations The focafizations of greater growth acfrvrfy R-hfci 
produce irregularities m the general form of the part, are responsible for 
variable alignments of ridges There are no predeterminations of ndge 
direction other than those which operate through their control of specific 
contours The epiderrms covering the volar surfaces possesses the inherent 
capacity to develop ndges, but the dispositions of these ndges are passively 
determined in the growth of the digit, palm or sole The evidence for these 
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conclusions deduced from the dennatogi)rphics of malformed bands an 1 
feet may be bnefiy summarized 

A supernumerary digit such as an extra toe may be as fully developed 
and separate as its normal neighbor In such cases patterns of the same 
type may occur on the supernumerary toe and on the normal digit which 
it duplicates (Fig 131 A) WTien the extra digit is imperfectly developed 
or bound m a syndactyl relation (Fig 131 B) the pattern of the super 
numerary member is dissimilar in t)rpe from that of its mate the dis- 
similant> is often demonstrably assoaated with differences m form of the 
two homonymous digits ^\hereve^ the molding of a palmar or plantar 
surface is abnormal and whatever the nature of the delect the con 
figurations are partly or wholly nnlike the normal but the> conform to the 
irregularities of the parts (Fig 131 C) Anomalous eminences whatever 



their nature may bear distinctive patterns Occasionally the form of such 
an eminence is dearly correlated with the character of its configuration 
A symmetrically rounded hillock with a definitely arcumscnbed base for 
instance has as its developmental correlate a concentnc whorl (Fig 131a) 
In this connection cases presenting suppression of distal phalanges are of 
interest Fingers so affected bear patterns on the extreme ends of the 
fingers (162) The placement and aberrant character of these configura 
tions indicate that the patterns are fortuitously developed rather than 
being apical patterns displaced from their normal position The various 
configurations are not determined by self limited mechamsms within the 
skin The skin possesses the capaaty to form ndges but the alignments 
of these ndges are as responsive to stresses in growth as are the alignments 
of sand to sweeping by wind or wave 

Tnradii like any other alignments of ndges are conditioned by growth 
factors That their normal disposition is assoaated with conjunction 
pomts of three complexes of growth is demonstrated in developmental 
defects of the hands and feet (Fig 131) 
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Volar pads iti the normal fetus are sites of differential gronth, each 
being responsible for production of one of the local configurations com 
prised in the morphologic plan of dermatoglyphics If a pad does not 
completely subside prior to the tune of ndge formation its presence 
determines a discrete configurational area Direct obser^'ations on the 
variations m subsidence of pads have been correlated m part with tend 
enaes of the corresponding configurational areas to bear patterns or open 
fields The thenar pad of the palm for example, tends to be precocious m 
its involution, hence accounting for the infrequency of thenar patterns 
Pads on distal phalanges of digits and on the ball of the foot attain more 
full development and persist longer, in these regions highly expressed 
patterns occur frequently While it is difficult to compare the subtile 
variations in pad contour, such variations may be correlated in some cases 
with characteristic pattern variants as are gross contours in abnormal 
hands and feet 

Abel (151) points out that the elevation of the embryonic pad influ 
ences the spaang of the tnradius from the pattern center (as detennioed 
by the ndge count), the directions of ndge coursing and pattern form 
He excludes the possibility of any effect of pad elevation on the number of 
ndges developed over the distal phalanx as a whole His evidence consists 
of ndge counts from the pattern core to the lateral nail fold m tvio racial 
groups (Chinese and Germans) which have marked differences in the 
incidence of whorls, loops and arches The two groups show approximately 
the same number of ridges along this line of count The same author 
correlates this ndge count with size of the distal phalanx showing that 
there is a direct reUtionship between the two variables though both ate 
independent of pattern type and pattern size 

Applications 

Dermatoglyphics being differentiated in their final form dunng the 
third and fourth fetal months are significant indicators of conditions 
existing several months pnor to the birth of an individual Dunng the 
latter mouths of pregnancy dermatoglyphics are as unalterable morpho 
logically as they are in postnatal hfe The configurations and their com 
ponent ndges enlarge with the growth of the hand and foot but all their 
essential charactenstics remain unchanged The distinctions m adult 
dermatoglyTjhics — among races, between the sexes between right and 
left hands or in any other group companson — reflect the existence of 
differences dating from the fetal penod This freedom from the effects of 
environmental influences is shared by few other traits which are accessible 
to investigation in physical anthropology 



i86 


DESUATOGLYFHICS 


In addition to these general appiications, dermatoglyphics may aid 
m some investigations which call for reconstruction of events in the 
intrauterine history of an individual 

In studying the inhentance of polydactyly an investigator meets with 
cases where the supernumerary digits particularly if they are accessory 
to the httle fingers have been surgically removed or spontaneously 
amputated The former existence of such a digit sometimes is recognizable 
by a scar, but often no scarring follows the amputation Nevertheless it is 
still possible to prove that there was once a supernumerary digit since a 
tnradius typically occurring in proximal relation to it remains as a perma 
nent sign 

Often an extra little finger is extremely small and constncted at ts 
base Such a digit may undergo spontaneous amputation either pnor to 
birth or m infancy Its former existence may be inferred, however from 
a retained small nodule representing the narrowed base, and the nature of 
the dermatoglyphics on this nodule may be indicative of amputation 
subsequent to the penod of ndge difieientiation (t6o) 

Spontaneous amputations of normal digits also may occur in utero 
though rarely Before any speamen presenting the actual early progress 
of amputation was ever seen, significant chronological evidence was 
obtained from dermatoglyphics in these cases Normal ndges cover areas 
involved m the amputative process, indicating that the process as seen 
in the newborn is of months standing its initiation antedating the penod 
of ndge dilTerentiation (158) This is substantiated in later observations of 
fetal speamens presenting active phases of amputation ‘ 

Reference to dermatoglyphics should be profitable also in investigation 
of the inhentance of webbed digits (zygodactyly or syndactyly) Observa 
tions in families, having one or more members whose second and third toes 
are W'cbbed, suggest that inheritance may produce vanably either actual 
digital union or a minor expression of zygodactyly evidenced only in 
certain features of the distal plantar dermatoglyphics (166) These signs 
have their parallel in the palm (Chap 1 1) They indicate that the dis 
turbed embryological processes which produce webbing of the normally 
free portions of digits extend their influenix into the distal zone of the 
palm and sole A pedigree of syndactyly which records only the webbed 
individuals as positive cases is possibly misleading since cases presenting 
the dermatoglyphic aberrancy alone would be erroneously classed as 
normals 
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SYMMETRY AND OTHER ASPECTS 
OF SPECIAL MORPHOLOGY 


Transitions of Configuration Types 

I NTERGRADATIONS of finger print types are described and illus 
trated (Fig 48) in Chapter 4 Similar transitions are demonstrable 
in all other morphological areas middle and proximal phalanges of the 
fingers, palmar interdigilal areas, palmar hypothenar and thenar areas, 
toes, the se\eral plantar areas 

The essential uniformity of transitions of configuration types m di! 
ferent regions may be illustrated by showing that an area of the palm, 
mterdigital IV for example, duplicates in principle the transitions demon 
strated in fingers The primitive mterdigital pattern is a whorl bounded 
by three or four tnradii and their radiants Se^eral lines 0! transition 
uniting whorls to loops and transitions from both of these to patternless 
configurations are illustrated m figure The series composing group I 
traces the degeneration of a typical concentric whorl directly into an 
open field In the course of degeneration the three tnradii appear to 
approach simultaneously the center of the whorl and with obliteration of 
the pattern there is in its place an open field bounded on the ulnar side by 
tnradius d and line D Groups 11 V show different hnes of transition in 
which central pockets and loops are the intergrades between whorls and 
open fields 

I W Wilder traces the transitions «i palmar mterdigital areas II, 
III and IV H H Wilder (170) and Cummins (82) deal with transitions 
of the palmar hypothenar configuration, and Fleischhacker (484) and 
Bettmann (81) desenbe the tbenar/first mterdigital of the palm The 
details of transition in different areas vary, because of local morphological 
distinctions, but all areas exhibit variants which form an orderly senes 
Again It IS to be emphasiaed that these transitions only reflect gradations 
m the resultants of growth mechanisms m fetal development (Chap 
10) Thej ate not literally conversions of one configuration type to 
another 

187 
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Associations of Patterns 

The occurrence of like finger pnnt types in the individual referred to 
by Gallon (57) as “the tendenaes of digits to resemble one another is 
termed assoctation by W aite Biologists now designate genetic assoaation 
of any traits as plewtrop^ 

Uaite finds mjooo males 12% who have patterns of the same type — 
arches, loops or whorls — on all ten digits Loosemng of the bond of assoaa 
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tion, statistically more pronounced in nght hands, is evidenced by the 
occurrence in individuals of different pattern types Sixteen percent of 
the persons in Waite s senes have nme patterns of the same type, and 
10% have eight patterns of the same type Five percent of the persons 
bear patterns of all four main types and of their single hands about 
one fourth are thus charactenxed 

Tbe madence of complete assoaation m single hands is naturally 
higher than that in individuals since there are fi%’e instead of ten digits 
concerned Volotzkoy (253), who apphes the term monomer pktc to a hand 
m which all digits bear the same pattern type reports frequenaes of 
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raonomorphac hands ranging from 21% to 33% m ij raciall> diverse 
populations The average is about 25% 

Waite and others more recently report a positive correlation of arches 
with small loops (loops having counts of 12 ndges or less, and especially 
those in the lower range), arches being negatively correlated with other 
pattern types The bimanuar (Fig 51) demonstrates the tendencj toward 
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mutual exclusiveness of arches and whorls The negative assoaation of 
arches and whorls is su^ested also by the fluctuations in frequencies of 
the two patterns m different racial senes there being a tendency for arches 
to increase as whorls dimmish (Chap 15) 

It IS apparent that toes have at least some associations different from 
those descnbed in fingers since the bipedar (Fig 97) docs not disclose the 
exclusive relationships between arches and whorls which are so noteworthy 
in fingers 
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Steffens (rig) makes a study of correlation of pattern type in fingers 
and toes of the same individuals reporting that frequent arches on toes 
are assoaated espeaally with arches and loops on fingers Further when 
there are many loops on toes the fingers bear loops or loops and whorls 
The coeffiaent of correlation for whorls in fingers and toes of the same 
indmduals is o 36 + o 06, and for arches the coefficient is o 50 ± o 
Newman (riS) computes coeffiaents of correlation for the occurrence of 
the same pattern type on fingers of both hands and on toes of both feet 
whorls, 0 42 ± 009, loops 033 + 009 arches oi7±oro 

Associations among patterns in the several areas of the palm have 
been little investigated Alass statistics indicate, as in the case of arches 
and whorls of fingers, a negative correlation in the occurrences of patterns 
(as distinguished from patternless configurations) m the bypothenar and 
thenar/first mterdigital areas In general, a racial group presenting few 
bypothenar patterns has abundant Ihenar/first interdigitals 

Rife (357) shows by statistical analysis a negative correlation between 
patterns of the bypothenar and thenar/first mterdigital areas within 
single hands, thus confirming the observation just mentioned Positive 
correlations of pattern occurrence exist between the thenar/first inter 
digital and second mterdigital areas, also among the second third and 
fourth mterdigital areas Within individuals there are positive correlations 
of pattern frequency between the second and fourth mterdigital areas, 
the second and third, and the third and fourth An assoaation exists even 
between the configurations of fingers and palms, since whorls on fingers 
are positivelj correlated with the presence of patterns m the second, third 
and fourth mterdigital areas 

Harkness Jliller (lo^) calculates correlations of pattern occurrences 
m five homologous areas of palm and sole There is no significant correla 
tion for any area when the left sole is compared with the nght palm or 
when the right sole and left palm are considered Even in homolateral 
compansons of palm and sole, seven of the ten correlations are much 
below the level of significance Only three of these bomolateral correlations 
appear to be significant thenar areas of nght palm and nght sole, o 27, 
fourth mterdigital areas of nght palm and nght sole, 031, third inter 
digital areas of left palm and left sole, o 24 

The positive correlation of arches with small loops and the negative 
correlation of arches with whorls show that there is a degree of common 
control of the level of pattern expression in the fingers of individuals 
Notwithstanding that the bond among the ten digits is loose, the correla 
tions suggest a generalized tendency in the apical volar pads of the fetus 
to behave in their development and regression as if they were under a 
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common control Positive correlations of pattern occurrences in areas as 
remote as fingers and palm, or palm and sole indicate that all areas are to 
some extent subject to a common control — rigid enough to determine not 
only the existence of patterns as distinguished from open fields, but also 
to regulate pattern type The negative correlation of palmar hjpothenar 
and thenar/first interdigital must indicate the existence of superimposed 
local factors counteracting the effects of the more generalized control 

Bilateral Symmetry 

Only in a very general way is the human bod> bilaterally symmetrical 
I e , equal m the right and left haHes An internal organ which is paired 
hke lung or kidney shows unhkenesses of form, size and position between 
the right and left partners Most of the unpaired viscera including organs 
such as heart, gastro intestinal tract and liver, are displaced from the 
midline in an arrangement which conforms to a nearly constant pattern 

The asymmetries evident externally m the lateral body halves compnse 
many familiar variations m form and size Differences between right and 
left sides of the face may be strikingly demonstrated b> bisecting two full 
face photographs from the same negative, one of them being printed in 
reverse, and pieaog together the halves to construct tvko full face por 
traits One of these is the combination of the two prints of the right half 
of the face, the other, of the left half Facial asymmetry may be so marked 
that such reconstructed photographs seem to be of two persons, each 
showing unlikeness to the full face of the original The right and left arms 
though appearing to be counterparts except for the mirrored relationship 
of one to the other, display anatomical differences and are rarely of equal 
dimensions The inequality of size is not dependent merely on use, since 
asymmetries exist even in the fetal period It would be pointless to 
enumerate all the manifestations of structural asymmetry (and functional 
asymmetry, as expressed m handedness, footedness and eyedness) It is 
important, however, to approach bilateral symmetry and as>mmetry in 
dermatoglyphics with an understanding that these features are neither 
exceptional m presenting differences on the two sides nor exceptional in 
showing frequenaes of specific vanants greater on one side than the other 
Reference to variants of dermatoglyphics does not concern differences in 
minute characteristics, differences which are taken for granted, the bilateral 
contrasts under consideration are gross characters of the configurations 

The interrelationships between configurations of right and left mem 
bers represent one aspect of assoaation, but in considering this bilateral 
assoaation, or symmetry, interest is more often centered on differences of 
right and left members rather than on the diaracters which they possess 
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m common Distinctive bilateral trends of vanation m dermatoglj-phics 
are assoaated with functional a^mmetry In the palm and fingers certain 
departures from the usual trends occur in groups of left handed subjects 
(Chap 16) 

SIiRROEiNC In Its general conformation each arm is a mirrored counter 
part of the other This applies, within the bmits of bilateral vanation not 
only to the arms but also to the legs and the lateral halves of the head, neck 
and trunk The phenomenon of rmrronng is an obvious corollary of the plan 
of construction of a body which in genera! is bilateraUy symmetncal * 

Dennatoglyphics exhibit mirroring a rmrronng which is usually 
partly obscured by factors operating independently of those conditiomng 
basic symmetry The phenomenon of mirronng will be considered pnn 
apally with reference to fingers and palms, though it occurs as well in 
toes and soles 

A prerequisite for the expression of mirronng in finger pnnts is asym 
metry of pattern structure, the asymmetry being referred to the digital 
axis. A typical plain arch or a whorl 10 which all radiants meet, is sym 
metrical (For a quabfication of this statement, see below ) A typical loop 
IS the extreme of asymmetnc construction As with other vanants of 
dermatoglyphics, there are grades of finger pnnl asymmetry (Fig 48) 
Different senes of configurational mtergrades connect the completely 
asymmetnc loop to the symmetnc arch and to the symmetnc nhorl The 
hne of lessened asymmetry leading from the typical loop to an arch is a 
succession of progressively smaller loops the ndge count affording a 
measure of the degree of asymmetry— an asymmetry which has opposed 
directions, ulnar and radial The sequence should be regarded as con 
tinuous, linking the one extreme of ulnar asymmetry, exemplified m an 
ulnar loop having a maximum ndge count, to the extreme of radial 
asymmetry, a radial loop of maximum ndge count Following this se 
quence, the ulnar asymmetry is progtcssi\ely diminished with smaller 
and smaller ndge counts until the loop is extinguished and the configura 
tion IS a symmetnc arch Continuing from the arch the progression of 
increasing radial asymmetry is a sequence of larger and larger radial loops 
The sequence from the ulnar loop to the meet whorl is composed of central 
pockets with increasingly larger conccntnc centers and these m turn lead 
to whorls in which non meeting of radiants on the ulnar side admits outflow 
of ridges from the pattern area It is but a step then to the symmetric 

* The tern) nurronng or Durror iniagrox ** osed ui a digertot sense in connection with twin 

companions (Chap is) When twins show doser resemblance bet»eea members of their 
oppoale sides Ilian between members d corresponding sides the tesemhlince is described as 
mirrored. 
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whorl which as in the case of the arch, can be connected with a senes of 
transitions to maximum radial asymmetry These sequences of asymmetry 
may be read descriptively in either direction 

There remains to be characterized another mirronng phenomenon 
appeanng m whorls The stated symmetry of the meet whorl ism reference 
to contrast with the asymmetry of a loop, where from one side of the 
pattern area there is an outflow of ndges to the digital margin However, 
both meet and non meet whorls frequently exhibit asymmetric construe 
tion of the pattern area Whorls may be either twisted in a clockwise or 
counterclockwise direction, or distinguished by spiral instead of concen 
trie coursings of ndges In whorls of nght digits the direction of twast or of 
spirahng is typically clockwise, as viewed in prints while on the left hand 
the typical direction is counterclockwise (225) The reversal of direction 
on nght and left hands is an expression of mirroring 

The ideal example of mirronng is the frequent combination of ten 
ulnar loops, each of the five loops on one hand being the mirror image of 
the pattern on the corresponding digit of the opposite hand (Fig 133 A) 
The palmar mam lines and configurational areas are in general mirrored 
m right and left hands, though, as wall be detailed courses of main lines 
and occurrences of patterns show unbke statistical trends in the two hands 
This bimanual diSerenlial disturbs the aspect of mmonng 

Using as a standard of reference the individual who has a complete 
mirroring expressed in ten ulnar loops, the most extreme reversal of 
mirronng would be that m which aU digits of one hand bear ulnar loops 
and all digits of the other, radial loops Such a pattern combination 
apparently never has been observed, and the drawing of these patterns in 
figure 133 B is accordingly hypothetical However, a relation short of 
complete mirronng, such as a ten finger set with nine ulnar loops and one 
radial loop, is common 

In the authors’ files there are pnnts of one individual whose distal 
palmar configurations are unique m exhibiting a complete reversal of the 
typical mirrored relationship (Fig 133 B) The prints of the right and left 
distal palmar regions appear as 1/ lhe> were two impressions of the same 
hand (with characteristics typical of nght palms) lius entails unlikeness 
of the courses at hiamnln^Qiia Uoes UL the two hands line A in the right 
hand is identical m course, even to certain sinuosities to line D of the 
left, hue B of the nght hand follows a course equivalent to line C of the 
left, m enclosing the third interdigital pattern, line C of the right hand is 
like hne B of the left, and line D of the nght is like hne A of the left hand 
It will be seen, therefore, that not only are the nght and left distal palms 
grossly ahke, but also that this sinulanty anses from consistent reversals 
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of the order of coursing of homologous main hnes Notwithstanding this 
rematkable state of the distal palm there is nothing unusual m the 
proximal regions of the palms and all fingers bear ulnar loops 

Lack of mirrored asymmetries of dermatoglypbics whether m fingers 
or palms may be compared wnlh the rare condition of reversal of visceral 
asymmetries situs ’^scerum tmersus WTien visceral transposition is com 



plete the topography is reversed as if the normal visceral relationships 
were viewed m a mirror The transpositions m dermatoglypbics arc mam 
fest as a reversal of mirroring in one of the members 

Fincess Right and left fingers display statistical distinctions in ridge 
breadth, ndge count (quantitative value) and frequenaes of the pattern 
types In right digits ndges tend to be coarser and quantitative value 
tends to be higher Differential trends of pattern type are evident in the 
total frequenaes for the five digits aiHectively and m the frequenaes for 
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individual digits In mass analyss nght digits typically present a larger 
number of whorls and radial loops than lefts while arches are more fre 
qucnt in left hands (though when digits are examined separately, digit II 
of the right hand generally shows the higher frequency of arches) These 
trends are evident in table i Exceptions, when not due to statistical 
inadequacy of the collection are unusual, and are evidences of racial or 
sexual distmctions 


TABLE u 

FfiEQCEvciES or Digital Cqcjltts Composed op Ilouotocots Fivcos op Right and 
Lett Hands Beamed tbe Smae Pattern Tnpe 
Germans* 74 4 *^ 


Dutch — malest 

75 S 

Dutch— femalesf 

76 i 

Chilean Spaniat— malest 

77 S 

Chilean Spanish — femalMj 

76 8 

Chilean Indianst 

77 * 

Javanese — malest 

78 7 

Javanese — femalest 

78 4 

Libenan negroes — malesf 

82 I 

Libenan negroes— femalest 

77 } 

Efi pygmies— malest 

75 5 

Ef4 pygmies— femalest 

So 4 


* CrllBeberg 
t Daakmeijer 
t Heaekel 


Another demonstration of symmetry »n pattern type is afforded by 
comparison of couplets of digits, couplets composed of homologous fingers 
of nght and left hands Table 34 indicates the degree of bilateral symmetry, 
the imphed percent remainders expressing asymmetry The essential 
consistence of findings among races so diverse as those hsted in the table 
suggests that the level of symmetry of pattern type is fairlj umform 
among all peoples 

The foregoing fails to indicate the degree of symmetry expressed in 
the individual, since the five digital couplets are dissoaated m the mass 
compansoD Henckel s senes (2S8) of 61,510 Chilean Spanish males is a 
representative sample of symmetry relations in individuals Symmetrj 
IS complete 10 28 5% of the persons m this senes, m whom each of the five 
digital couplets bears the same type of pattern The diminishing fre 
quenaes of unlike pattern types on one two, three, four and five digital 
couplets are, respectively 40 4 %, 22 5%, 7 5%, J 1%, o 1% 

The following approximate inadences of symmetry in single digits 
are from Dankmeijer’s data (aSi) on Dutch and Javanese Digit I, 75%, 
digit II, 71%, digit III, 80%, digit IV, 76% digit V, 84*^ Analyses by 
other authors also show a depression of symmetry in digit II and an eleva 
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tion m digit \ Distinctions among the digits are explained at least m part 
by their x’arying statistical trends of pattern type 

The total frequencies of pattern types and their differential distnbu 
tions on digits have a bearing on this explanation In Dankmeijer s senes 
of Dutch males for example the level of bilateral symmetry of loops is 
34% whorls 17% and arches 4% Loops exhibit the highest sj-mmetry 
because they are so abundant The inadences of these types on particular 
digits are detailed in Chapter 4 Digit \ leads in the expression of sym 
metry because loops have their maximum frequency on this digit and 
other patterns are correspondingly uncommon The high degree of sym 
metry m digit \ is accordingly in part obligatwe In contrast digit II 
presents the least symmetry because in this digit all the pattern types are 
commonly represented Digit 11 apparently owes its lesser symmetrj to 
the latitude of action of factors responsible for pattern tjqje the influence 
of obligative symmetry being thus diminished 

Dankmeijer and Rentis determine symmetry of pattern type in several 
raaally different collections They calculate also the symmetry that might 
be expected if the pattern distnbutions on ngbt and left hands were 
determined by chance In each of their groups (Dutch Javanese Libenan 
negroes and Efe pygmies — and in the sexes separately making eight 
groups in all) the observed sj mmetry is greater than the computed chance 
symmetry Kirchmair (J49) also demonstrates this point both for $ym 
T\BLE }$ 

Freq evciEs or W noils vvo Vbchlsos Iwivtdial Flvcsm 
{DiU/rem Tatlt 1) 


1 ' 1 " 

1 m 1 i\ 

1 ' 

V-Tiois 

1 

1 

1 13 f% 

Right 

^ 41 4*" 1 30 S'* 1 

r 16 S'! 1 4 ■% 


Left 

1 79 4 78 J 

>6 i 1 8 j 

0 0 

Arches 1 

1 ' 1 



I 

I j a ro 9 j 

6 ' ^9 j 

0 , 

Left 

[ 4 j 1 4 j 


I I 


metry expressed bj occurrences of the same pattern type on couplets of 
homonymous digits and by the agreement of the numbers of corresponding 
types in opposite hands irrespective of their digital distribution 

Poll using the dactylodiagiam emphasizes certain charactenstics of 
statistical distribution of pattern types which occur in the majonty of 
peoples so far studied The freqoenaes of arches and whorls on digits I 
and IV of the same hand are closer numencally than is either frequency to 
that of the corresponding digit on the opposite hand (Table 25) Each of 
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the Other digits m contrast presents pattern frequencies closer to those 
of Its homologue on the opposite hand than to the frequencies of an> other 
digit In recognition of these digital unlikenesses three couplets (digits 
II III and V) are designated as patrs and m each hand digits I and I\ 
form a group The relationships of pairs signify a high degree of bilateral 
association or symmetry and the groups represent an association within 
the single hand more intimate than the bilateral association 

In a senes presenting the relations of pairs and groups just descnbed 
there is conformity to the pair group rule as it is termed bj Poll The pair 
group rule obtains in European peoples hlongolian races Rwala Arabs 
Chilean Indians and the populations of Asiatic Turkey and northern 
Africa In some other populations the pair group rule does not hold 
When all five digits display pattern frequencies which couple them as 
pairs they are descnbed as conforming to the rule oj all patrs The rule of 
all pairs applies to peoples in the greater part of Africa (Hottentots 
Efe pygmies Bushmen pygmy peoples of the upper Congo Negroes of 
Libena and the Guinean Gulf) Negroes of Jamaica and Cuba and North 
American Indians In two hybndized populations (Jamaican Browns and 
Spanish Americans with evident Indian admixture) the rule of all pairs 
(charactermng respectively the Negro and Indian components) prevails 
over the pair group trait (of the European component) 

Further studies of the behavior of groups and pairs doubtless will yield 
data requiring modification of the foregoing statements Even now it is 
known that in certain populations listed among those confomung to the 
pair group rule (Chinese Japanese Koreans) the females are exceptional 
m following the rule of all pairs * 

Palmar Main Lines Palmar mam lines ha\e distinctive trends of 
variation in right and left hands notably (a) The courses of main hnes 
indicate that general ridge direction tends toward a more transverse 
alignment \n right hands (b) Line T tenninates in a position closer to the 
thumb in right hands (c) Line C is more frequently abortive or absent in 
left hands 

The bimanual distinction in coursing of ndges is shown best by lines 
A and D In right hands line A terminates more frequently in the distal 
levels of the ulnar border and line D tends to course farther radialward 
These distinctions are apparent m any representative sample tallied for 
mam line terminations (e g Table 5) 

The contrast is better appreaated when such results are converted mto 
mam line indices Table 26 carnes a listing of the mam line indices in 


' Poll personal commun cation, March 1939 
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TABLE a6 

MUSVlhE ISDtCES AND THEIB RIChI/LWT BaTIOS GBOCPED bob iLLlSTBAlrOV 
pABT/cciABiv or Co\STA\ci t\ EmtES Sec or the Bts^A^•rAt Ratios is 
Dbfebent Samples op TVhite Peoples the Lcsseb BtXAsaAL Dippebences 
IN Females op These Samples 


C„.p 

\o of 

■\lain line index 

Right left 

Right 

Lelt 

Both 

European Americans and Jens mates* 

JOO 




LU 

European tmencans Jemalest 

ISO 



8 It 


Germans malest 

irSi 



8 66 


Germans females 

768 





Jews males 



8 SI 



Jews females 

1086 

0 79 

8 43 
1 


..6 


* CummiDS 1941 
t Steggerds and Stcggerda 19^6 

t Data on Germans and German Java drawn from an unpublisbed study by Cummins 


several senes of stocks It is to be empbasired especially that the 
ngbt/left ratio of the indices is coDSUot m these several senes There is a 
consisteat difference between the sexes, females presenting a sbgbtly less 
ened bimanual contrast In the group first listed in table a6 the coeffi 
cient of correlation of mam hoe indices m nght and left hands (336) is 
o 55 ± 0 03 The numbers of individuals, in that same senes ptesenlHig 
the stated ^fferences of mam line indices m the two hands are o difference 
or only t unit excess in either nght or left hand, 46 s%, excess of a 7 units 
m nght bands, 49 s%> «cess of 2 7 units in left bands, 4 0% 

Faucar Pattervs It IS shonn m Chapter 5 tbat the several palmar 
configurational areas are unbke in the frequenaes with which they bear 
patterns and distinct vestiges The frequenaes (using the sample char 
actenzed m tables 7-10) range from ii 7% in the second interdigital area 
to 60 5 % m the fourth interdigital area Espeaally in the hypothenar and 
fourth interdigital, two patterns may occur within one configurational 
area, these cases are counted as instan«a of patterning without regard to 
duplex composition Each area shows a differential frequency of pattern 
formations m nght and left hands Combimng true patterns of all types 
and distinct vestiges, the frequenaes are hypothenar — nght 36 8%, left 
31 7%, tbenar/Brst interdigifaJ'-right 95%, left so 2%, second inter 
digital— right 16 a%, left 7 third interdigital— nght 63 9%, left 
43 3%» fourth interdigital — ngbt 48 6%, left 72 3% Both the degree and 
the Erection of bimanual contrast vary to some extent among races An 
outstanding reversal of direcuon, or an approach to it indicated by 
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equivalent frequenaes in nght and left hands, is noted m hypothenar 
patterns of some peoples, espeaally Maya Indians, some samples of 
North Amencan Indians Bedouins and Chinese 

In the distal and proximal regions of the palm there is a reversal Minth 
regard to radial and ulnar relationships of the positions of configurational 
areas showing dextral and sinistral excess of pattern frequency The areas 
in the distal palm more frequently patterned in right hands are inter- 
digitals II and HI, and in the proximal palm the hypothenar The areas 
more frequently patterned in left hands are mterdigital I\'^ and thenar/ 
mterdigital I 





PiC X34— Preciueecy d itnbution of measurements betKeec palmar digital triradn o 
and Sin 300 young adults Common iLstnbatioa of nght and 1e(t soUd black ngbt alone //// 
left alone \\\\ 

IvTERTRiRADiAL MEASUREMENTS Measurements of distances between 
digital tnradu in 300 young adults (86) yield the following means (milh 
meters ) — a 6 right 32 34, left 23 40, 6 c right 14 43, left 14 26, c-d nght 
20 57, left 20 74, a d right 52 49 left 53 08 With the exception of the 
b-c measurement, these intervals are slightly larger m left hands Howe\er, 
only the excess in left hands ol the 0 b measurement (Fig 134) is stalls 
tically significant 

Ridge Breadth In all digits ndges are finer in left bands (Fig 135) 
Digit IV presents the least bimanual difference in this respect The 
reported bimanual differences in lodmdual palmar areas are not statis 
tically significant, though concordant findings in two independent mvesti 
gallons (24, 30) indicate that the following regional comparisons are 
vahd Interdigital III presents maximal difference between nght and left 
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hands, and is the site of the most pronounced tendency to present finer 
ndges in right palms Digit IV exhibits the same tendency though in 
lesser degree This agreement of digit IV and interdigital III, with regard 
to the bimanual diSerential in ndge breadth parallels findings in other 
features indicating an intimate relation of digit IV and interdigital III to 
the anatomical axis 

Plastae SIaiv Lines Bilateral distinctions of ndge coursing in soles 
are comparable to those of palms Unbke trends on nght and left soles are 
exhibited by all mam hnes (105), the radiants of tnradius p (Table 12) 
and ndge directions in proximal regions not entered by mam lines (Table 



Pic I3S~i Av«ri£eeouatse<ndgKfxrc«ntin«termdfrertntreg:ioss(2»oyovnKrak]«) 
i Differ<iicc« of avrroite regional oouata m nght and l«ft lundi R and L dmot ng the band 
in which the count it larger — and hence the ndge* narrower 

15) In the distal sole there is a tendency for the fibular and distal radiants 
of tnradius p to terminate farther libialward in nght soles than m lefts 
This matches the behavior of bne D of the palm, and other plantar mam 
hnes agree with the trends distinguishing the mam hnes of nght and left 
palms A new trend is introduced in the middle and proximal regions of 
the sole In nght soles there is not only a larger frequency of transverse 
ahgnments, but a greater tendency toward fibulo proximal ahgnment 
(symbols i and 3, Fig 83, B), contrasting with the smistral trend of more 
frequent tibio proximal alignment 

PiANTAE PA'rrEK>s The sole shows less asymmetry of pattern fre 
quenaes than the palm In a diverse assemblage of raaal matenal (Table 
27) the hallucal area {Th/I) and mterdigital II present slight, though 
fairly consistent, trends toward greater pattern intensity (here used in 
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preference to percent frequencies of patterns) m left soles Other areas 
tend toward right superiority or equality of pattern intensities The 
sinist ral excess of patterns in interdigital II is less consistent among various 
racial samples than that of the hallucal area There are suggestions that in 
certain races (e g., Chinese and American Indians) the bipedal differences 
of interdigital II are the reverse of those just stated Such reversals are a 
suggestive parallel to conditions in the palmar hypothenar area of the 
same and related peoples, noted above 


TABLE »7 

Bifedm. Cqupahsoss of PfcTrEM Ivressrrr ako Pattesn FnEQVEi.cres Mam 
(Data Jrtn trtttal publications of tke present avlhori') 


St ties 

of 
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Interdigital 

H 

Interdigital 

III 

j Interdigital 
IV 

R 

L 

R 

L 

R 

L 

R 

L 

Eutopean American 


83 

86 

*0 

a6 

ts 

S6 

si 

>4 

European Amencan 

too 

8a 

81 

it 
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59 

16 

Id 

European \menean 

too ' 

«4 

8S 

»4 

*5 

64 ' 

60 

14 

0 

Jew 

too 

tt 

8S 

38 

38 

78 

75 

31 

IS 

Spaniab Amencan— Bernalillo 
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IS 

77 

*3 

30 

58 , 

S» 

08 

«7 
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110 

81 

«3 

U 

. *3 

6, 

57 
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05 
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7a 

37 
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39 


03 

0 
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78 

83 

19 

ts 

1 ' 
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0 

Pueblo 
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74 

76 

«7 

12 

59 

48 

XI 

13 
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>n 

78 
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s» 
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57 

83 

*4 

at 

44 

55 

05 

00 
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87 

88 

*5 

aS 

58 

63 
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a6 

Weighted average 
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79 

81 

»3 

>4 
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S6 

IS 

.. 
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71 -. 1 

68". J 
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« 4 ‘» 


Toes. Bilateral trends of pattern type frequenaes are different in toes 
and fingers Table 21 is a compilation of all the available data on toes 
Though only European stocks and Japanese are represented, the likeness 
among them of bilateral distinctions suggests that the trends may prevail 
as generally among races as the bilateral distinctions of finger patterns 
In toes, except toe III, vs horls are more abundant on the left side than on 
the right (Table 20), the reverse of the bilateral distinction characterizing 
fingers (See table i, noting that in fingers the dextral excess in whorls is 
at its minimum in digit III ) Tibia! loops likewise are more frequent on 
left toes, which is a reversal of the trend noted in radial loops of the fingers 
Arches are more frequent on left toes This is the same trend as in fingers, 
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With the exception that the index finger presents a slightly higher frequency 
on the nghc side 

Variation in Reference to tiie Anatomical Axis 
In descriptive anatomy the axis of the hand or foot is usually con 
sidered only with reference to the relationships of certain muscles which 
have their attachments confined to the skeleton of the band or foot These 
muscles are the interossei the name literally describing 
their situation between the metacarpal (or in the foot 
metatarsal) hones The interossei are so insetted on the 
phalanges that they partiapate m the acts of spreading 
and apposition of the digits Theif centering with respect 
to the anatomical axis of the hand is illustrated by spread 
ing the fingers In this act the index moves away from the 
middle finger in one direction and the nng finger and httle 
finger move m the other The axis of the system of muscles 
concerned in these movements the anatomical axis of the 
hand, is a line through the middle finger and third meta 
carpal The axis of the foot differs being in line with the 
second toe and second metatarsal (Fig 136) Character 
istically in primates the axis of hand and foot alike 
passes through the middle digit, the human foot presents 
one of the few exceptions 

Many structural features are correlated with the 
anatomical axis In most pnmates the longest finger or 
toe is m the axis Serial alignment of the human digits, so 
arranged that digits of maximum length in hand and foot 
coinade, leaves unpartnered the digits having the least 
distal reach, thumb and little toe (Fig 137, A) The dis- 
tribution of hair on the digits also is associated with the 
anatomical axis All digits are devoid of hair on terminal 
phalanges, and all have hair on their proximal phalanges 
The middle phalanges are vanable in the amount of hair and m its dis 
tnbution among the digits The greatest frequencies of hair retention on 
middle phalanges are on fingers III and IV and toes II and III * Accord 
ingly, and in agreement with the localization of maximal digital lengths, 
the senal companson ol fingers and toes involves a s’hiiting 'ey one digit 
(Fig 137, B) Zygodactyly, or webbing is localized most commonly in 


* Dinforth C. 11 D stnbuUon of Hiir on Qie d pts id man Am J Pbys. Antbropol 
vol 4 pp 189-J04 ipjl 
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digits III and IV of the hand and H and III of the foot Some derma- 
toglyphic variations are similarly referable to the anatomical axis, data 
for the following account of such variations is obtained from non human 
primates (141) as well as man 

Apical Patterns The digital distributions of pattern types yield four 
generalizations relevant to the anatomical axis 
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Fic 137 ~Senal compansons of digits and of interdigital areas of hand end fool 

(a) Radial loops are most frequent on finger 11 , and tibial loops, the 
equivalent pattern type of toes, are chiefly concentrated on toe I In the 
foot the factors conditioning such loops shift their operation by one digit, 
the direction of shifting being in accord vdth that demonstrated for other 
variables. Whether the axis is directly concerned in this unlikcness of hand 
and foot might perhaps be questioned The distribution of arches does not 
conform to this relationship between hand and foot Arches occur most 
frequently on fingers II and III, while toes V and IV have the maximum 
frequencies It is possible, since arches ate more common in toes than in 
fingers, that both increased frequency and altered digital distribution in 
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the foot are due to factors unrelated to the axis That this may be the 
case IS suggested by the order of arch frequenaes on fingers and toes 
In the hand digit II is the center of referenre not only because it bears the 
maximum frequency of arches but also because there is progressive dimmu 
tion in arch frequenaes m the natural order of digits on either side of the 
index In the foot where the greatest frequency of arches is on digit \ 
a quite different but still orderly senation is evident Arches are at a 
minimum on toe III and they increase lo frequency from toe II to I and 
from IV to V The unhke distributions of arches on fingers and toes are 
difficult to explain m any relation to the anatomical axis which would be 
comparable m hand and foot 

(b) Pattern intensities of digits vary in conformity to relations with 
the anatomical axis Pattern intensities of fingers and toes of the same 
individuals (ii8) are shown m figure 137 A There is nearly exact senal 
agreement of digits II through V in the hand with digits I through IV m 
the foot Parallelism between fingers and toes is thus demonstrated by 
shifting the toe senes m the same direction as the shifted anatomical axis 
of the foot As in other compansons this isolates the thumb and httle toe 
from partnership with other digits It ma) be significant that m neither 
hand nor foot does the peak of pattern intensity coinade with the digit 
lying in the axis Instead the digit adjoining the anatomical axis toward 
the little finger or toe has the maximum intensity The same relationship 
exists m hair distribution (Fig 137 B) 

(c) Pattern form especially when determined by the method of 
Bonnevie or of Geipel exhibits digital x’anations w bicb may be referred to 
the anatomical axis Fingers III and I\ represent a zone m which patterns 
tend to be more elongated The patterns become progressively broader m 
the fingers on either side of Iff or I\ Comparable statistics for toes are 
lacking 

(d) ^\^lorls showing monocenlnc construction — which excludes twin 
loops lateral pocket loops and acadentals — ha\e peak frequenaes differ 
ently localized in fingers and toes Among fingers the highest frequencj 
is in IV and next in II In toes the maximum frequency is in I and next 
in III Finger IV and toe III therefore have in common an abundance of 
monocentnc whorls 

Reference is made earlier to the possibility that the concentrations of 
radial (tibial) loops on finger II and toe I may not be truly cxplamed in 
terms of axial relationships The abundance of radial loops on the index 
finger has been the object of much speculation Wilder (262) was at first 
misled by the occurrence of radial loops in some pairs of identical twins 
He ongmally considered this reversed asymmetry a correlate of twinmng 
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perhaps akin to the transposed visceral asymmetry occurring frequently 
in one member of joined twins In a later paper (loi) he is more reserved 
in judging the significance of radial loops in twins and since then it has 
been shown conclusively ‘ that radial patterns have nothing whatever to 
do with monozygotic twinning (225) 

Bonnevie {44) explains these patterns on a functional basis 

Remembering the position of the second finger when working alone 
m opposition to the first one it seems evident that the radial side of 
digit II and its papillary pattern should be of great importance whether 
the function of those lines be of a mechanical or of a sensory nature 
Among the different pattern types therefore the ulnar loop will be the 
one least useful its ridges running away from the radial side of the 
finger Whorls and arches the peripheral ridges of which patterns run 
out parallel on both sides of the finger seem here to be of equal use as 
compared with each other But no other pattern would for the special 
use of the second finger serve better than the radial loops the ridges on 
the radial side of the finger here being combined into pairs as arms of 
one and the same loop 

This argument is hardly tenable (225) and Newman proposes another 
interpretation of radial patterns He considers the hand to be bifid an 
organ that has undergone a sort of twinning the thumb representing one 
member and digits II V the other As thus viewed Newman would expect 
asymmetry of the thumb to be mirrored as compared to asymmetry of 
the other digits The prevailing asymmetry of digits 11 V is an ulnar 
asymmetry Since the thumb usually has an ulnar asymmetry he postu 
lates that its expected radial asymmetry inadent to twinning of the 
hand is commonly cancelled by the ulnar asymmetry of the hand as 
a whole 

Radial asymmetry is most common in the index finger which Newman 
regards as a component of the twin of the thumb It is obvious that the 
thumb IS anatomically largely independent of the other digits but whether 
bifidity of the hand predisposes to radial loops on index fingers seems 
questionable particularly when conditions in the foot are examined The 
foot IS not distinctly bifid and even if it were the distribution of tibial 
loops does not fit the interpretation advanced for the hand The toes 
collectively present a much lower inadence of tibial (radial) loops than 
do fingers The prevailing fibular (ulnar) asymmetry in toes is thus even 
more intense than in fingers The toe presenting the maximum frequency 
of tibial (radial) loops is the big toe a marginal digit and hence lacking a 
twin partner on its tibial side (Table 20) Moreover the next highest 
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frequency of tibial loops occurs on toe TV, a digit so situated that it hardly 
can be considered a “tmn” partner of any toe 

Another hne of evidence against the ' tmnmng” origin of re-versed 
pattern asymmetries is obtained from the dermatoglyphics m polydactyly 
(157) In such cases a couplet of twin digits is represented by two big 
toes, two thumbs or combinations of other digits with their supernumerary 
mates If the twinning process were an agency produang asymmetry 
reversals, then such couplets surely should evidence the efiect Actually, 
however, reversed asjTnmetry m such couplets is the exception rather 
than the rule 

pROXUlAt ANT) Middle Phalanges The configurations of proximal 
and middle phalanges (Chap 4) are of some interest in connection with 
the anatomical axis In the human hand, the ndges over these portions 
of the digits are characteristically slanted Commonly the slant is m the 
proximo radial direction on digits 1 , 11 and 111 , and on digits IV and V 
the slant IS re>erscd, the ndges here coursmg proximo ulnarwards Though 
the digital distnbution of these systems is individually vanable, the 
general tendency may be appreaaled by considenng digits I V as one 
system Collectively, the opposing slants form a broad chevron the 
distally directed apex being most commonly in the third, or axia^ digit 
The same relations exist m the hand of chimpanzee (129) 

Patters Intensity or Paui and Sole Consideration of palmar and 
plantar configurations with respect to the anatomical axis will be limited 
to interdigital areas II, III and W Recalling that the axis in non human 
pnmates generally hes 10 the hne of digit III m both members, it is note 
worthy that interdigital area III both m palm and sole of nou human 
pnmates, presents the least pattern intensity of the three regions (Fig 
137, D) In man, also, where the axis of the foot is shifted, pattern intensity 
15 depressed in areas reUted to the axis 1 e , palmar III and plantar II 
(Fig 137, C) It IS therefore suggested that factors which are associated 
with the anatomical axis reduce pattern intensity m the distal palm and 
sole 

The extreme reduction of pattern intensity m plantar interdigital IV, 
and palmar interdigital II, indicates that still other factors may depress 
pattern intensity A parallel exists in the distnbution of hafr, finger II 
and toe V being, the digits having the least hair on middle phalanges 
These digits, significantly, are topographically related to the interdigital 
areas presenting minimum pattern intensity, 1 e , palmar II and plantar IV 

Expressions or ZvcoDAcnxY in Paui an-d Sole A common mal 
formation of the foot is the condition of syndactyly (zygodactyly) Of 
the different vaneties of this defect, special interest is attached to that 
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m which the second and third toes are firmly and closely joined bj a 
cutaneous web The web may extend to the very tips of the digits but 
more frequently it is confined to their proximal portions In all these 
cases the volar surface of the web presents transverse alignment of ndges 
though in instances of complete webbing the apical patterns introduce 
deviations of ridge courses ^\T»en the web does not reach the distal ends 
of the digits (Figs 138 B and C) it bears characteristicall> a tnradius in 
close relation to the mterdigital interval Such a tnradius is termed an 
tttUrdtgilal tnradtus m recognition of its position Interdigital tnradii 
may occur m the absence of any real digital union both in the palm (Fig 
73) and in the sole (Fig 90) When an mterdigital tnradius is present 
m a palm its usual location is between the middle and nng fingers In 
the sole the most common site is in the second interv al betw een the second 



Vtc 138 — Denn«toglyph cs m thr«« casts of syndactyly of the stcond snd th rd low A 
Conpl«t« trcbbing B and C Pen al webb ng 

and third toes This localization of mterdigital triradii conforms to the 
tjpical foci of zjgodactyly 

Interdigital triradii signify an intimate developmental relationship 
between neighboring digits An mterdigital tnradius may be considered 
as a minor expression of the zygodactyl relationship An mterdigital 
tnradius seated at the free margin of the web (as m figure 138 C) might 
be imagined in a senes of cases which present progressively shorter skin 
webs as migrating proxiraally with the web Finally when there is no 
actual union of the digits the mterdigital tnradius remains as a mark of 
zygodactyly 

The ongin of an interdigital tnradius may be traced descriptively 
from an approximation and blending of two digital tnradii This process 
will be discussed with reference to the palm alone metric data not being 
available for the plantar digital tnradu Measurements between con 
secutive palmar digital tnradii (86) show that the interval b-c tends to 
be considerably shorter than either ab or c d This indicates that the 
tendency toward approximation of tnradu b and c (Fig 139) is a step 
toward the substitution of a single mterdigital tnradius for these two 
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digital triradii Tnradu 6 and c lie in the zone of common localization of 
major expressions of zygodactyly and the relative contraction of the 
interval h-c may be justly interpreted as a minimal expression of zygo 
dactyly The relatively higher vanabihty of the interval h c indicates 
that this zone is the focus of an active evolutionary trend fThe coeffi 
cients of variation of the intertnradial intervals are ah 123 he 215 
1 , >4 7) 

Fusions of digital areas whether in the sole or palm 
accompany zygodactyly (Fig 138) Such fusions may 
occur also in the absence of digital union either m associ 
ation with interdigital tnradu or with some form of dis- 
[ placement or suppression of digital tnradu Fusions of 
digital areas are very common in the sole occurring m 
about 35% ol subjects selected at random (193) The 
second and third mterdigital areas are chiefly involved 
and usually digital tnradu in these areas are suppressed or 
apparently displaced 

Reduction or suppression of line C in the palm is 
perhaps related to the phenomenon of zygodactyly The 
} digital tnradius (r) from which line C arises is at the base 
of digit IV Tnradius e does not lie in the anatomical axis 
but proximity may render the region susceptible to 
agencies of vanation assoaated with the axis The neigh 
bonng digit IV rather than II is the one more commonly 
involved with digit III in zygodactyly and there is similar 
behavior in other vanations such as retention of hair on 
middle phalanges The variable degrees of involvement of 
the mam lines are illustrated in figures 65 69 As shown in 
table 5 such involvements are practically confined to line 
C The hne is more commonly reduced than completely 
suppressed and all degrees of its zygodactyl expressions 
are more common m left bands than in nghts Figure 140 illustrates 
an extreme example of minor zygodactyly 

Tnradu o 6 and c of the sole often are absent the following absolute 
frequenaes of their lack in 200 soles being reported (103) o 23 t 13 
c 16 <f 0 Heightemng. of the tendency to suppress dgital tnradu is 
localized farther tibialward (radialward) than in the palm where tn 
radius c is the one most frequently involved other digital tnradu being 
only rarely absent 

Ridge Breadth Regional differences m breadths of epidermal ridges 
may be correlated with the anatomical axis Figure 1-55 shows average 
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counts of ridges per centimeter for all fingers and five palmar configura- 
tional areas. The following regional unlikenesses merit emphasis. The finest 
ridges of the fingers are those of digit I\'; radialward from it, digits III, 
II and I exhibit a progressive increase in ridge breadth, and ulnarward, 
digit V likewise displays an increase Thus digit IV may be regarded as a 
center of reference for variations in ridge breadth. The narrowest ridges 
of the palm occur in the region of interdigital III. It may be added that 



Fic. 140 —A nght palm stiowmg dermatoglypfuc signs of tygodactyly of the middle and ring 
fingers (From 1. IF. WiUer ) 

interdigital III is also the site of minimum variability in ridge breadth of 
the palm. THs area, previously identified as the site of reduced pattern 
intensity, has a proximate relation to the anatomical axis. 

A gradient of increasing ridge breadth (Fig 135) passes proximally 
in the palm, i.e., lengthwise in the anatomical axis. Ridges are narrower 
on the distal phalanges of fingers than on the middle and proximal phalan- 
ges (72), and ridges here in turn are narrower than on the palm. Ridges 
in the distal region of the palm are narrower than those in the thenar 
and hypothenar zones (24). 
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Perspectives 

G ALTON, 1892, opens hjs discussion on the heredity of finger prints 
with this comment “Some of those who have written on finger 
marks affirm that they are transmissible by descent others assert the 
direct contrary " Few writers of Gallon s time or since express doubt 
as to the hereditary transmission of finger print traits Forgeot in 1892 
maintains that there are no indications of inhentance even when families 
are traced through three generations Locard in 1906 and Senet in the 
same }ear, report on families composed of several generations and both 
deny that tnhentance plays a rdle m determining finger print patterns 
Stockis, in 1908 declares dally that the idea of inheritance of finger pnnt 
traits IS a myth These and other authors who deny the fact of inhentance 
have the tnistahen notion'^ that identical patterns would be transmitted 
if inhentance operates from parent to offspring Their opinions therefore 
may be ignored 

Abundant evidence now is at band to prove that some charactenstics 
of finger pnnts and of other dermatoglypbic areas are inhented In preview 
of this evidence, it may be pointed out that genetic factors have a large 
share m determining vanations of dcrmatoglyphics as instanced espeaally 
by gradations of similanty observed among individuals having different 
degrees of relationship The closest possible genetic relationship is that 
of monozygotic twins In their dcrmatoglyphics as m other features, the 
members of monozygotic twin pairs typically present similanties of higher 
degree than those found in any other compansons of individuals A pro 

' This noUoa u not confined to the earlier wnters la a recent serils oi lectures on cnmin 
ology It IS emphatically restatea ’VWiil X "SI The Kilt; iStnnuno'iogyfp 174') ''Vflooume 
University Press 1941 The Cml Servke Comnusson ot Ivew York City gave n 1946 an 
examination for finger pnnt experts la the fono of completion quest ons one of the 100 ques 
lions concerns this point The question wads Practically all fingerpnnt experts bei eve that 
(4nTT>MiiM«nnl<ynted never uibented always inhented in 
bentedas'lendehancharactensticsj the answer accepted as correct be ng never nbenled 
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gressne reduction in degree of sunilanty is demonstrable in compansons 
involving lessemng relationships Thus paired sibbngs and the members 
of fraternal twin pairs are rarely as suiular as the members of monozygotic 
twin pairs Parent and child on the average show less resemblance than 
siblings, unrelated individuals of the same race show still less, while 
maximum differences are found m companng persons of different races 
Further, paired siblings show assoaations between certain dermatoglyphic 
features and functional handedness which are explainable only on the 
basis of autosomal linkage ol genes responsible for these traits (357) 
The genetically prospective qualities are termed the genotype Because 
the genetic control is not a rigid one these qualities ma> be expressed 
{phenotype) m an incomplete or altered fashion Such non genetic vana 
tions are paralypic in origin, produced during the process of ridge differen 
tiation and prior to it by modifying influences of the de\clopmental 
environment MacArthur (*15) measures these effects in terms of the 
standard deviation (20 8%) for the distribution of homolateral differences 
in monozygotic twnn pairs 

It would be surprising if the traits of dermatoglyphics were not 
inhented since there is reason to expect that dermatoglyphics are subject 
to the same biological laws which determine inheritance of other char 
acteristics whether structural, physiological or psychological No student 
of inheritance however, has claimed that the totality of pattern char 
actenstics is transmitted The studies have disclosed only transmission 
of grades of resemblance which invariably fall short of complete likeness 
Newman, who through many years has investigated dermatogly phics and 
other characters of twins, relates (225) that once be bad been misquoted 
as stating in a public lecture that the finger pnnts of tmns are ‘ often 
ahke ” As a result, he was besieged with requests from identification 
workers for proof of this statement He was, of course, in a position to 
assure the inquirers “that, even in identical twins no tdo finger pr^nls 
of diferenl tndietduaU are ever exactly alike ’ Findings in these ' identical” 
(or better, monozygotic) twins are of cniaal importance, if ever there 
could exist two identical finger pnnts prospects for their production would 
be most favorable in such twins 

Newman in the reply quoted above, reaffirms a fact which has been 
repeatedly emphasized by reliable in\estigators of his own penod and 
of the generation before him Gallon made the point clear in his statement 
that “it would be totally impossible to fail to distinguish between the 
finger pnnts of twins ” If this were not sufficient to settle the issue once 
and for all the pronouncement of Wilder, in 1902 should base done so 
“The completeness ol identity in these cases is, howe\er, not so great 
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but that, both in the finger tips and on the surface of the palms and soles, 
there are dijerences sufficiently marked to render impossible the mistaking 
oj one print for another ” The question is of obvious importance to finger 
print identification, and it is unfortunate that an elementary fact has 
been so frequently misunderstood, especially by writers of “newspaper 
science ” Erroneous views occasionally mate their way into reputable 
scientific journals as in the instance now to be cited 

Thirty years ago there appeared in a newspaper (Strassburger Neue 
Zeitung, Dec 15, 1912) a sensational article dealing with a case of ques 
tioned paternity in which, among other traits, finger prints allegedly 
established the relationship of the child and putative father According 
to the reported expert testimony “It is very remarkable that not only 
the prints of the father but those of the grandfather may appear m the 
child In twins equivalent patterns of ndges may occur, and they 

agree so well that a differentiation is impossible ' Another cunous phase 
of this case appears m the sequel Boas repnntcd the press article m the 
Archn fur hrtmtnologte, and added his own commentary Though his 
remarks are m a facetious vein, they were taken seriously by Harster, 
who wntes 

\ear in and year out there t$ waged by the representatives of finger 
print science an untiring and often thankless battle, in order to bring 
recognition of this means of identificatioo before the courts legal pro- 
fession and Ia> men This recognition it deserves and is m process 
of attaining What should we then say is our own camp, when friends 
appear w ith the best intentions to further our work and are not aware 
that they shake our position at the very foundation How can we m the 
future stand before the judge and show that the accused 1$ not the 
actual misaeant but another? How can we show that the finger prints 
found at the scene of a serious cruse belong to a certain person — w hen 
we would be confronted with slalemenls printed in our mostoulstand 
ing professional journal statements from a disciple of finger print 
procedure affirming the possibility even though conditionally that 
parents and their children or siblings can have the same prints? Our 
assurances that there is nothuig to it and that innumerable investiga 
tions have shown the opposite will pass unheard and we wilt not need 
to wonder when the accused is set free because finger prints do not 
furnish sufficient proof IVhen even the possibility that finger prints 
are inherited is stated then the basis of all dactyloscopy namely that 
two different fingers never can furnish the same pnnls is shattered 
Let us not be confused in our work by newspaper articles 
Harster, ignonng published proofs of inheritance which should have 
been known to one wnting as late as *913, is fearful that the secunty of 
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the science of identification would be jeopardized by the admission of 
inheritance Had Harster been familiar with the reports then available, he 
would have granted the fact of inheritance, and he might have seen in the 
twin observations a strengthened support for finger pnnt identification 

Qualifications or Dermatoglyphics for Genetic Studies 

As objects for the study of inhentance dermatoglyphics present cer 
tain advantages (a) It was Gabon’s opinion that the minutiae, in mono 
zygotic twins, are suitable for determination of “the minutest biological 
umt that may be hereditanly transmissible ’ A forking, termination or 
other ndge detail may not be an ultimate anatomical unit, yet these 
features are at least among the smallest characteristics readily accessible 
for testing the hraits of hereditary control (b) The configurations are 
widely variable hence they are favorable for comparison among members 
of famihes (c) Unlike many other bodily traits dermatoglyphics are 
age stable Postnatally the configurations persist unchanged in all 
respects except dimensions and it is justified to assume that no alterations 
except dimensional increase occur dunng the prenatal months following 
their differentiation It is therefore feasible to compare parents and 
children or to compare siblings, with confidence that none of the 
configurational difierences encountered is due to their unbke ages (d) 
Dermatoglyphics are environment stable also Environment stability 
dates from the fifth fetal month when the dermatoglyphics are com 
pletely differentiated 

There are on the other hand some working disadvantages m genetic 
analysis of the dermatoglyphics (a) The genetic process is exceedingly 
complex (b) In comparing apical patterns of corresponding digits for 
example one deals especially with pattern tj-pe (including the tendency 
to ‘ twisting ) pattern direction (radial or ulnar), pattern size (quantita 
tive value) and pattern form (breadth/heigbt proportion) Each of these 
characteristics is in part dependent upon a genetic foundation more deeply 
seated than that which gives nse to individual distinctions Statistically 
there are characteristic trends of unhkeness between the two sides of the 
body and among different digits, between the sexes and among raaal 
stocks and constitutional types To extneate the more immediate mam 
festations of inhentance in the indiMdual or faimly from the genenc 
human qualities and distinctions of sex and race is a major problem con 
fronting the investigator (c) Extensive paratypic xanation introduces a 
handicap m recognizing the genotyp” The genes which determine the 
capacity to form ridges operate as independent conditioners of this funda 
mental trait The determination of speaftc configurational character is 
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indirect Configurational character depends upon developmental aicum 
stances (Chap lo) such as stress and tension in the growth of the part 
the thickness of the embryonic epidermis (whether under pnmary genetic 
control, as conceived by Bonnevie or secondarily induced by stresses 
of the underlying tissues, as suggested by Abel) and the distribution of 
cushioned areas, i e , areas of thickening due to increased fluid content 
of the epidermis These several conditioners of specific configurations are 
themselves under the control of genes hence the genetic regulation of 
ndge alignment is accomphshed indirectly through them 

Selective mating on the basis of dermatoglyphics is practically ex 
eluded It IS hardly probable that features so inconspicuous as these 
patternings would be concerned in sexual selection, though it is conceiv 
able that dicta regarding finger patterns and marnage might be embodied 
m the folk teaching of some peoples, inasmuch as the Chinese have in 
eluded the patterns in their fortune telling lore 

M/tTERlAL AST) MeTHOP OF STUDY 
Investigation of the inhentance of dermatoglyphics, as of other normal 
human characteristics is hampered by bnutations which are thus desenbed 
by J Wenmger (258) 

Man IS difficult to study genetically more so than plants and 
animals Children are fen the development of the individual is slow, 
and the span of life and of generations is long Counting a generation 
as 33 years there are three generations in a century and 30 generations 
in a milleamm From the present tune to the recent Stone Age there 
would be 300 generations, m Drosophila 200 generations may be 
studied in ten years 

Furthermore, the inv'estigator has no selecti'm control of breeding Despite 
these handicaps, which arc avoided when genetic research concerns organ 
isms so favorable as Drosophila (the fruit By), it is stiU possible to assemble 
materials for the eluadation of the genetic process m man 

Three classes of matenal have been utihzed in investigations of 
inheritance 

(a) Random collections of individuals from the general population are 
used as control for comparison with the occurrences of traits within 
family groups, they are necessary also if gene frequenaes are to be calcu 
lated References to “general population" apply to such control senes 
The existence of racial distinctions in dermato^ypbics (Chap 15) requires 
that these senes be appropnately selected Raaal homogeneity, insofar 
as that may be attained m the cdlection of matenal, is a first requirement 
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Due attention must be paid to the known sexual variations which occur 
within a race Specially chosen racial collections may be of value m 
examination of the genetic process en masse Two raaal stocks which 
present dermatoglyphic distinctions may be supplemented by a senes in 
which these stocks are hybndized, asm the Jamaican "Blacks,” “Browns” 
and "Whites” studied by Davenport and Steggerda (Chap 15) Finally, 
statistics drawn from mass collections are indispensable as a standard of 
reference for any inquiry involving variation 

(b) Family groups provide matenal for tracing the genetic transmission 
of dermatoglyphics The family groups may be large or small and they 
may embrace more than two generations wnth or without collateral hnes 
The examination of paired siblings is of value in certain analyses, twin 
pairs (or other sets of multiple births) are segments from family groups 
which call for separate charactenzation (see below ) Se\ eral w riters dealing 
with the subject of questioned paternity stress the importance of "purity ’ 
of family material for genetic study The special interest of these writers 
makes them keenly aware of the uncertain paternity m some families, 
especially in certain racial groups and at some social levels Metzner 
supplies an interesting sidebght on this question In an analysis of the 
genetic formulae embracing a large material he divides the families into 
two groups In the hrst including 50 families with 198 children, there is 
no doubt of true paternity For the second group consisting of 50 families 
with 233 children, there was no information by which paternity could be 
validated In the latter group the number of instances in which offspring 
do not conform to the genetic expectation is three times as great as in the 
first group, the respective totals being 23 and 7 

(c) Turns are either dizygotic or monozygotic Dizygotic pairs, which 
may be same sexed or opposite sexed are siblings of the same age, not 
differing in limits of heredity from siblings bom at different times Mono 
zygotic twins, on the other hand are probably equivalent geneticallj 
The members of a monozjgotic pair always are of the same sex and gener 
ally they resemble each other more closely than do the members of a 
dizygotic pair, their likeness being in some cases so extreme that they are 
often mistaken for each other The two individuals are of the same geno 
type that is to say, thej have the same genetic composition Multiple 
births in which there are three or more members are classifiable just as 
are twins m the stricter sense A set of triplets for example, might be 
tnzygotic, dizygotic — two individuals being monozygotic twins — or 
monozygotic Mith increasing numbers in a set the number of possibilities 
as to zygotic origin is increased, but even wnth a number as high as five, 
as in the Dionne set (216), there is still the possibility of monozygotic 
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origin of the several members The phenotypical eitpression of gemunally 
prospective traits may be incomplete or altered owing to early mtra 
uterine influences Obsenations in monozygotic twins provide a measure 
of the limits of freedom of the genetic process Against this standard com 
parisons may be made with other paired individuals such as siblings or 
unrelated persons selected at random It is usually but not alwa> s possible 
to diagnose zygosity with reasonable assurance and if twins are to sene 
as a standard of reference in genetic analyses the diagnoses must be valid 
(Chap 13) 

Any charactenstic or zone treated in the descriptive section (Chaps 
4 7) IS open to genetic investigation though fingers and p'’lms 
figure mainly in the literature It is apparent that hereditary regulation 
IS not umformly rigid throughout all zones of th'* dermatoglyphics Toe 
patterns are less ngidly controlled than finger patterns (119) suggesting 
that lag in diflerentiation of the foot may admit a larger parakinetic 
influence 


Early Stodies os Is-heritasce 
The earlier students of dermatoglyphics first had to establish the fact 
of mhentaoce, leaving for later in\estigatioQ the mode of transmission 
and the developmental vehicle of its eicpression 

Gallon (57) undertakes a preliminary examination of the inhentance 
of pattern type in the right index fingers of 105 paired siblings Noting 
the pattern types occurring m each couplet, be counts the instances in 
which each of the nine possible combinations of patterns occurs Com 
pansons are made against a control senes of unrelated persons their 
ngbt index fingers being paired at random into couplets In this control 
senes the observed frequency of each of (be nine possible combinations 
of pattern types agrees very closely with the calculated chance of such 
combinations in random selection, while the number of agreements of 
pattern type m the paired siblings is greater than would be expected on the 
basis of chance The increased concordance Gallon explains is due to 
inhentance of pattern tj'pe On a similar basis he proceeds to other 
analy~“s including observations of twins all of which point to hereditary 
determination of pattern type 

Wilder’s early studies on twms extend the evidence of inhentance 
and he adds to the hterature two family trees demonstrating the trans 
mission of patterns patterns as opposed to patternless configurations in 
the areas concerned One family illustrates espeaally the transmission of 
pattemings of the thenar eminence of the palm (Fig 141) This family is 
represented by six children, their parents, and the three sisters of the 
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father Both hands of the father carry conspicuous thenar patterns and 
his three sisters have thenar patterns Every one of the six children bears 
thenar patterns, bilaterally m four of them _______ 

and unilaterally in two Neither hand of the X A X X 
mother shows any indication of thenar or first “ • • ■'I ^ 

interdigital patterns Among White stocks I 

such as would be representative of this family. 111 
thenar patterns occur in not more than 15 30% # # C) # I C) 
of individuals The family is therefore a stnk- ur —A family demon 

strat oa uihentanee of palmar 
ing illustration of direct transmission through tbeaar patterns Siiuares repre 
the father of the factors undetljmig production “j 

of thenar patterns In connection with the patterns on both hands 

_ , half sol d symbols s gnify pres 

same connguration, a set 01 monozygotic tri ence of the pattern m one hand 
plets reported by Gardner and Rife is of 
interest not only m that alt six hands bear 

thenar patterns but also because their configurational vanations afford 
a measure of parakinetic influences 

Even more striking than these examples is another family recorded 
by Wilder, in which several members present the rare calcar pattern 
p ^ |— I - The pattern occurs in no more than 1% of 

^ I i— rr^ individuals of the general population, yet in this 

r I j I family (Fig 142) calcar patterns or their pudi 

0 — p-O (j I B O ments appear in seven of the tiielve persons 

I I examined The occurrence of calcar patterns m 

rn A A X tL both man and wife is a noteworthy coinadence 

„ ^ . u * ^ All three of their children present calcar pat- 

FlO 143 — A family dem , ,, r 

aostratng inhentance of the tems Again there IS provided an illustration of 


females Two inerobers of a dominance of patterns o\er patternless 

the famly who were not ^ 

examined are indicated by Configurations 

bSk .“diSS Another family group composed of six mdi 
the occurrence of a pattern viduals of three generations, reported by 
mpind.nrto'^ebiic'khJ^s Cevidalli (Fig 143). illustrates inheritance of 
of the symbols or on both {jjg palmar hypothcnar pattern in its unusual 
feet if the symbol is entirely tt .i. l i , 

filled The occurrence of ndge formasawhon Hypothcnar whorls are present 
■" ‘wo abhngs their father and the paternal 
small black areas (Dola from grandmother 
* " ^ Similarly, Carriere records a Lapp family in 

which the members show varying degrees of reduction of palmar main line 
C, occurring with such frequency in this family as to indicate that the 
condition is hereditary 
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Numerous isolated finger print family trees are available in tte earber 
literature As an example, a family descnbed by Heindl (6o) is selected, 
its importance being that the eleven individuals composing it had been 
independently studied by two investigators, one of them examining finger 
prints alone, and the second concerning himself only with general bodily 
traits Neither was informed of the observations of the other until the 
results were finally assembled, uhen it became apparent that those mem 
bers who show close finger print resemblances are hkewse the 
more similar in other bodily traits Heindl does not attempt 
to formulate rules of mhentance but merely analyzes the 
distribution of pattern types He notes, m the single available 
member of the third generation, a much reduced ulnar loop 
on the left index, the reduction being traced to the mother, 
who shows a related condition m three digits Tirelli reports 
on finger print pattern types in two families One of them 
IS significant for the occurrenre of all arches in the mother, 
and the tendency to pattern reduction m her two siblings 
and the majority of her six observed children 

Reports of isolated family lines, and casual observations 
such as close resemblance of finger prints in a father and son or occurrence 
of arches alone in two brothers, are not productive of great advano in the 
knowledge of heredity It remained for Bonnevie to create a more fruitful 
approach Her work forms a central structure of the body of information 
now available on inheritance of dermatoglyphics 

The Genetic Process 

Bonnevie s study of 1924 opened the way for searching analysis of the 
genetic process, earned out in a senes of studies (44, 153, 154 155, 156, 174 
17s) Her first observations are confined to finger pnnts in family matenal 
amounting to about 200 individuals and in a small senes of twins She 
concludes that m the phenotypic expression of the patterns at least three 
different characters are transmitted independently of each other These 
characters are (a) QuanUtalwe value of the pattern, or ndge count from 
tnradius to core, (b) Breadth/height proportion, the vanants composing 
three general classes of pattern form — arcular, intermediate and elhptical, 
(c) Tendency to “twisting’ — indicated by lateral pockets and twin loops 
as well as certain true whorls with interlocked double cores It is shown 
also that some minor charactenstics of pattern construction and pattern 
direction (radial loops) are possibly inhented Subsequent studies by the 
same author are based upon a larger material, 100 families with 321 
children The results are of fundamental sigmficance, the conclusions 
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of the earher study being extended and modified largely through inter 
pretations gained from the new viewpoint of her observations of pattern 
formation in the fetus 

In the following discussion each of the finger print traits is treated 
separately and a representative selection of observations in other der 
matoglyphic zones is included Much of the material presented in Chap 
ters 13 and 14 also is applicable as demonstration of the nature and limits 
of hereditary control 

Pattern Type Bonnevie remarks that the affinities among transi 
tional patterns are demonstrated by senes assembled from different 
fingers of one person from persons closely related to each other, or from 
unrelated persons who carry the same general types of patterns It is her 
opimon that each such senes of transitions represents in the mam one 
and the same genotypical design Bonnevie later emphasizes that the 
distinctive pattern type trends of different digits suggest that individual 
fingers are not independent but that each digit represents one part of a 
common genetic complex 

Gruneberg (202) offers observations in twins and in families He docs 
not agree that there is a genetic control of the digits collectively whether 
concerned with pattern type quantitative value or any other character 
wtic Tracing pattern t>'pes without reference to ulnar and radial direction 
he compares homologous fingers m 390 pairs of monozygotic twins Pattern 
types agree in 80% of the digital couplets (substantiated in MacArthur 5 
finding of 8r%) In contrast there is a significantly lower frequency in 
dizygotic twins 63 4% His family trees show that where parents have 
loops in corresponding couplets 80 9% of the patterns in children ate 
loops and that when whorls occur in parents 70 8*^ of the children 
possess whorls Gruneberg concludes that these observations afford 
positive evidence of the inhentance of pattern type 

Griineberg assumes that pattern type is conditioned by two pairs of 
factors XA (xx) and I I (yy) with nine possible genotypic combinations 
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According to his interpietalion, Y is epistatic over A, FJ is epistatic 
over A A’, and XX is epistatic over V If the dominant factor of one 
factor pair is absent the dominant factor of the other pair expresses 
itself and if dominant factors are aU absent the arch appears as a double 
recessive 

Essen Jloller (igo) investigates the presence or absence of whorls in 
twins Counting those instances in which both members of a twin pair 
have no whorls or both have one or more he reports that 65 8% of a 
dizygotic senes are thus characterized while in monozygotics the fre 
quency rises to 85 7% 

Bohmer and Harren studying 100 families with 436 children em 
phasize the extreme vanabihty of pattern type among siblings This 
variability, they observe, indicates that pattern type is not inhented but 
their further comments and tabulated data show the actuality of beredi 
TABLE »8 

OT THE TthDIVGV TO BtA* TVEEC OK HOKE WhOEX. PATIEX».S (Jg J lo) AS 
CovTEASTEO WITH THE PtesEKCe Of No MORE THAN TWO WHOllS (SV O-l) 
(Bihmtr and Harren) 


pAfcnul combinations 
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1 n sw 
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9 X 11 o- J 

! 76 
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41 IPe- 

B X Tl *- * 

i 

*47 


tary transmission Their observations on whorls (Table 28) demonstrate 
m keeping with the conclusions of most other authors that in spite of 
obscurity of the genetic process there is a defimte hereditary tendency 
in the expression of whorl patterns Their charactenzation of whorl 
bearing individuals makes allowance for the tact that whorls are common 
in digits I and IV , individuals having no whorls at all or not more than 
two form one group and those with three or more whorls form another 

Ennenbach stresses the parakinelic origin of differences of pattern type 
in monozygotic twins He believes further as Bonnevie suggested earlier 
that there is a causal relation between epidermal thickness and pattern 
type 

Elderton, confining attention to patterns of the index fingers, and 
considenng rights and lefts separately, tabulates the parental combina 
tions and patterns in offspnng (about 650 children) and notes that (a) 
Neither arch X arch nor arch X compostle yields whorls, (b) Neither 
ahorl X vhorl nor ukorl X compostU yields arches, (c) Arch X hop, 
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arch X uhcrl ithorl X loop, contpostle X hop and loop X loop produce all 
types of patterns, (d) Possibly contpostle X composite yields no arches 
(Whorl, in Elderton’s usage, refers to true whorls ) 

Double cored Patterns (“Twisting ) The twisting tendenc> is 
considered a character of an individual having even one double cored 
pattern Bonnevie suggests that though the mode of inheritance cannot 
be definitely established in her material the indications are that twisting 
IS dominant over the single cored condition Mueller (221) insists that 
if dominance is present it is incomplete He points out, however, that 
TABLE 19 

Inhiritance of the Tekdesci to Bear Ove or More Dol-bie-coted Pattesss {T) 
AS Contrasted with the Lack of StCH Patterns (R) 

{Diila from Bernene ilaeUer and Behnrrttnd Harrtn combined) 
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parents without twisting tendency have children usually lacking double 
cored patterns and that when both parents bear twisted patterns the 
children will in general have one or mote such patterns (Table 29) Even 
when he excludes those digits in which double cored patterns are most 
common (Table 2) the results obtained are comparable Bohmer and 
Harren while conceding inheritance of the twisting tendency, emphasize 
that dominance has not been proved Karl (347) regards the character 
as probably recessive Steffens (up) considers that with present informa 
tion hereditary tendencies have not been established 

The genetic process thus remains obscure yet the data in table 29 
conform to the rules of Mueller and to the generalizations of Nutnberger 
(a) U hen both parents have double loops the children as a rule also have 
them, (b) When double loops are Jacking in both parents they are as a rule 
lacking in the children (c) If double loops ace present in only one parent 
some children will carry them others not 

Tatterv Form Bonnevie proves that vanations in pattern form or 
breadth height proportion ate hereditary She suggests that elliptical and 
circular patterns represent a pair of alleles (factors or factor groups) and 
that the elliptical form is dominant 

Geipel (197) investigates pattern form m a large family matenal and 
m an extensive senes of twins His groupings of the indices into classes 
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(large, medium and small) are listed in Chapter 4 Of 208 pairs of mono 
zygotic twins, the members of each of 200 pairs are m the same index class 
and in the small remainder the combinations invariably are in adjoimng 
classes — large and medium or medium and smaU — and the differences 
of the numerical values in these cases are slight Of his 237 pairs of dizy 
gotic twins, 40% of the pairs have members in different index classes 

Geipels family material (113 pairs of parents with 386 children) 
yields these generalizations (a) From the parental combination large X 
large, 75% of the children are in the class large, (b) From the parental 
combination small X small, 71% of the children are in the class small 
(c) From the parental combination medium X tnedtum the children in 
the respective proportions 121, arc in the classes large, medium and 
small, (d) From the parental combination medium X large, the children 
are mainly in the classes medium and large (e) From the parental com 
bination medium X small, (be children mainly are in (he classes medium 
and swali, about equally divided betvieen them, (f) From the parental 
combination large X small, the children are mainly 10 the class medium 
Geipel concludes that the ten fmger index is associated with a single gene, 
though he grants the possibility of an allelic senes The individual who 
has a large or a small index is a homozygote, while one with a medium 
index IS a heterozygote 

Mueller (222) supplies simdar statistics on the form index m families 
He refers, as do Boonevie and others, to arcular, elliptical and medium 
patterns, but in characteriaog an individual be does not use the ten-digit 
set ID all cases An individual is placed in the class circular when all ten 
patterns are circular, but the presence of one or more elliptical patterns 
would transfer this indnoduai to the elbplKoi class, to the medium class he 
assigns the remaining cases — all ten patterns medium or some patterns 
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medium and some circular When th»*se results (Table 30) are compared 
with the generalizations oi Geipel, attention must be given to the diRer 
ence of classification Mueller does not agree with Bonnevie that elhptical 
pattern form is dominant over arcular, holding that the genetic process 
IS much more complicated and possibly similar to that regulating pattern 
size He resolves the following rules from his material (a) Parents who 
possess at least one elliptical pattern on each hand have children who 
carry at least m one hand an elhptical pattern, (b) Children who bear at 
least one elliptical pattern on each hand are from parents who have at 
least one elliptical pattern, (c) Parents who have only circular pattern* 
produce offspnng who in the majority of cases have only circular patterns, 
m less than 2% of the children elliptical patterns or closely related inter 
mediate patterns occur, but only in one hand 

Nurnberger formulates a scheme of inheritance of pattern form adapted 
for application in paternity cases (Chap 14) 

Pattern Direction Bonnevie does not find extensive evidence for 
heredity of the direction of finger patterns (radial or ulnar) though she 
notes that certain famibes present a concentration of radial patterns on 
digit III This suggests inheritance of pattern direction since radial 
patterns are rare on this digit Karl like Bonnevie observes that there 
IS httle evidence supporting hereditary transmission of pattern direction 
Grtineberg (202) investigates radial and ulnar direction m asymmetric 
i^horls as well as in loops In monozygotic twins 91 8% of homologous 
finger pairs show the same asymmetry of patterns, m dizygotic twins 
84 ^%, and in unrelated individuals 73 4% Though the difference between 
monozygotic and dizygotic twins is of questionable statistical significance, 
the large difference between monozygotic twins and unrelated persons 
demonstrates that pattern direction is inherited He postulates, in a scheme 
similar to that which he proposes for pattern type, a series of paired factors 
responsible for pattern direction 

The question of possible relationship between pattern type and pattern 
direction is raised by Grtineberg In his material 18 6% of whorls are 
radial in direction, as contrasted with an incidence of only 5 3% radial 
direction among all loops He interprets the correlation as an expression 
of “coupling ” ^Vhether these figures prove the point may be questioned 
Mueller (222), whose results agree with those of authors mentioned 
above, points out that if both parents have radial patterns the children 
commonly have them 

It is Polls opinion that patterns of the same tj’pe but of reversed 
direction (ulnar and radial loops) should be considered similar from the 
genetic standpoint 
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Mueller (221) imposes a restnction on the charactenzation of an 
individual with respect to radial patterns Believing that the frequency 
of radial patterns on digit II precludes use of this digit in genetic studies 
he defines a radial person as one nbo has at least one radial pattern 
on any digit other than the index He finds (Table 31) no evidence that 
the radial charai.ter is inherited though he admits that the matenal is 
very limited 

TABLE 3 

Inherttancz op Rao al Pattesss ( R ) Occciunc Dicrs Othes than the Im>ex 
AS Cqvtkasted nim the Absence or Si-CH Fatteess ( 0 ) 

{ Uuefler ) 



\ewman (22^) points to evidence drawn from twins on the inheritance 
of radial patterns (including not only radial loops but also radial whorls) 
Among 50 pairs of identical twins radial patterns occur in both members 
of 21 pairs and of these all (our index fingers are so distinguished in 
seven pairs 

\\a1ker confining attention to radial loops on nght index fingers con 
eludes that the transmission is by a sex Lnked recessive gene This con 
elusion IS difficult to reconate with neatly equal inadences of suJi patterns 
in the sexes alLer s matenal is small and the agreement of findings with 
a mathematical formula indicating recessiveness is doubtless only a 
matter of chance 

Quantitative Value Bonnevie s original determination of quan 
titative value was later superseded by a procedure in which only the larger 
of the two counts m whorls is considered Class groupings are discoo 
tinued and the quantitative value of the individual is the average of ndge 
counts of the ten digits 

Proof of the inheritance of quantitative value is furnished by determin 
mg the correlations between pairs of individuals of different degrees of 
relationship Several workers present such data The following coeffiaents 
of correlation (44) illustrate that monozygotic twins are more closely 
related to each other than are fraternal twins or single-bom siblings 
monozygotic twins 092 di^gotic twins 054 siblings 060 unrelated 
individuals 027 Single bom sibhngs are of course closer to each other 
than are randomly paired unrelated individuals In the latter similanties 
depend on a genenc human inhentanoe rather than on a specific familial 
inhentance 
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Bonnevie {175) later revises her ideas on the inheritance of quantita 
tive value, making use of her embryological studies of epidermal thickness 
and of the distnbution of cushioning She concludes that there are three 
independent factors responsible for quantitative value of a pattern 
instead of the five originally assumed F, expressed in the general thickness 
of epidermis over the digital pads of the embryo R, which produces 
cushioning in the more radially placed digits 11 and III, U, responsible 
for cushioning m the more ulnarward digits, IV and V 

The measure of epidermal thickness the factor V is the highest ndge 
count obtained in any one of the ten digits of the individual higher 
counts indicating thinner epidermis One source of error m investigations 
of the V factor is depression of ndge counts by cushioning with the result 
that recessive individuals would be erroneously considered as hetero 
zygotes, and heterozygotes as dominant homozygotes Bonnevie discusses 
the problem of defining borderlines between genotypes a matter which 
IS further emphasized by Metiner The highest values about 22 ridges 
or more, are recessive (w) to lower values the boundary between hetero 
zygotesanddominant homozygotes bemgat about 14 16 ridges (Table^z) 
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Heterozygotes (Fp) have maximal digital values of approximately 16-21 
ridges and dominant homozygotes (I !') present maximal values of 
ridges Counts of 0-5 ridges (arches and very small patterns) probably 
result from cushioning prodoad by factors R and U 

Gruneberg (202), on the basis of the frequency distnbution of quan 
titative values, assumes that epidermal thickness is regulated by four to 
SIX pairs of polymeric factors Like other authors who ha\e dealt with twin 
material, he contrasts monozygotic and dizygotic twins with respect to 
this feature His data, rearran^d in table 33, show a distinct trend of 
lesser difference in monozygotic twins This distinction is illustrated also 
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in the average differences of quantitative value (class values, not absolute 
ridge counts) i 6i in monozygotics and 4 15 in dizygotics 
TABLE 3S 
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Galton's law of fiLal regression, to tbe effect that persons who deviate 
much from the average of tbe general population most commonly have 
children who deviate less, has been tested Uy Mueller (221) from the stand- 
point of quantitative value (determined according to Bonnevie’s 1924 
method) Mueller believes that tbe results (Table 34) indicate conformity 
TABLE 54 
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of quantitative value to Galton’s law It would be important to test the 
question with the use of Bonnevte’s revised method and with larger 
material 

Both Jlueller and von Wehren stress that parental combinations with 
low values yield low values, and that when the parental values are high, 




INHERITANCE 


227 

those of the children are high Thus the children have values which he 
within the variational limits of their parents Von W ehren, combimng his 
own family material with that available to him m the hterature notes 
in the 266 families only two ezceptioos to this rule the exceptions being 
the same cases which Bonnevic had reported as such The same author 
brings out a striking contrast to this evenness in the family groups by 
dissociating parents and children and recombining them in 32 different 
‘ family” groups The exceptions to rule range from o to 32 in these 
arbitranly composed ‘ famibes * 

Geipel (199), employing the total ndge count of the individual, reports 
on 469 pairs of monozygotic twins 405 pairs of same sexed dizygotics, 
and 107 pairs of opposite sexed dizygotics The frequency distnbutions 
of the differences of ridge counts in these three groups are shown in table 
35 The mean differences in the groups are raonozygotics ii i ± 04 
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ndges, same sexed dizygotics, 393 ±i4> opposite sexed dizygotics, 
42 3 ±48 These figures are closely matched in the work of Lehtoiaara 
(cited bj Geipel), who reports in monozygotics a mean difference of 
II I ndges, and in dizygotics 35 5 

The question of penetrance is considered by von Verschuer (251) 
in reference to epidermal thickness and cushiomng The gene or genes 
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conditioning these charactenstics may vary in penetrance (the abtlit> 
to become manifest m the phenotype), owing to paratypic influences and 
the existence of accessory genes which may promote or inhibit action 
of the primary genes Calculations based on 203 pairs of monozygotic 
twins indicate, in his opinion that penetrance of factors for epidermal 
thickness is much greater than penetrance of factors for ulnar and radial 
cushiomng This finding according to Wenmger (260) is in harmony with 
the unlike developmental mechanisms associated with epidermal thick 
ness and cushiomng \\enin^r presents a theoretical consideration of 
epidermal thickness, radial cushioning and ulnar cushioning with particu 
lar reference to their phenotypic variants and the principle of penetrance 
The details do not lend themselves to condensation, and the reader must 
be referred to the original publication 

Bohmer and Harren supply data on epidermal thickness from matenal 
consisting of roo families with 436 children They do not accept Bonnevie s 
conclusion that thin epidermis (expressed by ndge counts above 21) is 
recessive (to thick epidermis, counts of 15 or lower) They agree, however, 
that there is some hereditary influence, since ndge counts below 5 occur 
m children only when the average parental value is at least below 15 
but It IS impossible to set a generally vabd rule since e\en among such 
families there are some children with counts as high as 20 

Cdseiovinc Bonnevie asserts that cushioning depresses the quantita 
tne value which is potential in the V factor Cushioning is lacking when 
all digits of one or both bands of an individual have counts greater than 
15 ndges Uniformity in low values, 0-5 ndges, indicates that thick 
epidenms and cushioning are both present (UTien the \alues are inter 
mediate, 6-15 ndges m many or all of the digits clues to the genotype 
may be obtained through exanunation of the parents or the children of 
such individuals ) The degree of cushiomng is expressed by the difl’erence 
between the highest digital value of a band and the lowest value of digits 
of the radial or ulnar groups The two hands are ln^estlgated separately 
to avoid confusion due to asymmetne distnbutiont Cushiomng is absent 
when the difference is 0-4 this condition being recessive to its presence 
In heterozygotic cushioned individuals the difference amounts to about 
5-10 ndges, while in dominant bomozygotes the difference is usually 
greater than 10 ndges Cushiomng is fientahfe fiotfi as to presence or 
absence and localization on either the radial or ulnar digits (Tables 36 
and 37), the respectne factors, i? and n,&ie independent of each other 
There are two sources of error in the results on cushioning First, the 
boundanes between heterozygotes and homozygotes, as well as the dis 
tmction between dominant and recessiw homozygotes are uncertam 
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TABLE 36 

lMU.ItITAVCE OF RaDUL ClSHJOMNS (AJ 
{Dalafron Bonnmeandfram Uii ner eombtntS) 


Parental combinations 

i Children 

RR 

Rr 

rr 

66 RRXRR 

its 

1 


no RRXXr 

226 

'W 


17 R/XXf 

iS 

it 1 

It 

i RRXrr 

3 



3 RrXrr 


10 1 

3 

0 trXrt 





TABLE 37 

Ikhffitakci: of Ulna* Clsuiomi>C (C) 
[Dola frtm Bonnmt andjrom \fti nir cominnri) 


Parental combmauons ! 

1 Children 

a 

1 - 


II Uifxvu 

41 



78 UUxUu j 

»I2 

! 7 I 

10 

69 Uh X b « 

79 

i '34 , 

1 

11 VUXvu 1 

t 

1 *9 


24 X vu 


46 

1 *9 

3 «« X 1 


1 ‘ 

S 


The second difficulty is that cushioning is manifest m the ridge counts 
only when it extends into the pattern area In consequence> some of 
the individuals classed as non cushioned recessives may be cushioned 
Likewise the degree of cushioning may not be expressed Bonne\ie con 
siders that in her matenal some cushioned indi\idual 5 identified as 
heterozygoles ate really dominant homoxygotes 

Bohmer and Harren question the hentabihty of cushioning 
Geve Frequencies Abel (265) points out that racial differences in 
gene frequency exist, especially for the factor of epidermal thickness (10 
This question is later elaborated by Piebenga (299) In Eskimos of Eastern 
Greenland the factor V is practically non existent It is rare in Chinese 
and infrequent, though at its maximum, in European stocks, Hindus 
South Melanesians and Formosans — reaching a maximum in Bushmen 
(Table 38) The gene frequencies for epidermal thickness differ not only 
among widely separated racial groups but also among Central and North 
European peoples The factors for radial and ulnar cushioning (R and U) 
exhibit less variation among different peoples Abel interprets the relative 
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stability of the factors of cushiomog as aa mdicatioa that they are more 
anaeat properties than the factors of epidermal thickness 


TABLE 3S 

Gevb Fiequevoes r« \Awots Raclu. Geoups 


Racial group 

1 Y 

F» 

- 

RR 

Rr 


vv 

lu 


395 Dane* (Bonacvie) 

9 

45 6 % 

M 

700 % 

26 s% 

3 

26 87c 



J300+ Austnana (Geyer*) 

10 0 

43 9 

46 1 

iSi 8 

37 > 

I t 


SI 0 

18 6 

314 Germans (Abel) 

II 0 

48 a 




8 9 

21 a 



93 Germans (Piebenga) 

200 Belguns-tt alloon* 

II 0 

35 » 

S3 8 

SI 6 

40 7 

7 7 

»9 7 


*7 7 

(Piebenga) 

S2I Norweguns (Bonne- 

It 0 

*7 S 

5i S 

63 ® 

3* S 

4 5 

12 0 

(s S 

*i 

Tie) 

IS S 

50 i 



58 4 

* 1 




161 Germans (Abet) 

13 0 

39 7 


52 8 


5 9 

S> 5 

54 3 


200 Flemish (Piebenga) 

S 

58 5 

480 

62 S 


6 0 




450 Germans (Karl) 

»S ? 

44 S 





180 

SS 0 


400 Dutch (Piebenga) 

18 9 

46 3 


94 5 



Sid 

48 0 


40 Hindu* (Biswas) 

10 0 

*7 5 

6* 5 





7f 9 


35 hleUaesuna (Rari) 





5i g 





6g Eskimos (Abelf) 


.? 

98 9 



.j* 


57 9 

18 

79 Chinese (Abel) 

4 2 

41 4 




2 9 

3> 4 

54 s 

>4 

404 Formosan* (Okutos) 
459 Cb tean Indians 

.> J 

49 9 

47 8 

|443 

SO 3 

!S 

30 5 

58 8 

19 

(Schaeuble) 

*7 Bushmen (M tSea 

C6 4 

35 8 

47 8 

>1 1 

33 4 

s s 

35 9 

52 9 

1* 

inger) 

49 1 

49 1 

3 7 

SO 0 

$99 


37 5 

54 s 

83 


* To make tbcw fissures conparable 10 tboae reported by other tuiliors the obterved value* 
ooly ire included in the table Gejer report* percent value* idjuated by the genetic 
numbers according to ^)^clUcb 

t Abel s senes o( Eskimos comprise* family groups and hence may not be representative 
of the general population 

MI^OR Characteristics or Patterns Bonnevie demonstrates the 
inhentance of “minor’ characteristics of patterns these including not 
the ultimate minutiae but various local configurational features As to the 
mode of inheritance no suggestions are offered by Bonnevie Siemens or 
Let en 

Minutiae Grimeberg (202) selects homologous fingers of twins bating 
the same pattern type, pattern direction and ndge number expecting 
that ndge details might be m dpser agieement m such patteins than in 
those presenting coarse differences Eten here there is no identity in 
minutiae a finding which has been repeatedly mentioned since Galton s 
observations on twins Gruneberg concludes that the imnutiae ate accord 
jngly conditioned paratypically, and emphasizes further that differences 
in quantitative Nalue may be brought about by these variations of para 
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typic ongm He and others stress that ndge counts presenting differences 
of one, tvio or possibly three ndges may thus not be genetically different, 
since such discrepanaes are introduced by differences of ndge detail that 
may influence the count to this extent 

Newman (22^) observes that m twins minor configurational details 
and minutiae of homologous fingers often show close resemblances (Fig 
144) Occasionallj there is similar dose resemblance in ordinary siblings 
and in parent and offspnng 



Pic 144 — Close resemblance in pnnts of correspoodinc lingers in tmns Two pa rs of tw ns 
marked respect velr A and B are illustrated (From Arvnsa ) 

Ridge Breadth Karl (547) suggests the possibility of inheritance of 
ndge breadth According to Ennenbach the ten-digit average (of ndge 
counts on a 1 cm Une) shows intra pair differences in monozygotic ttvins 
ranging from o 2 to 1 5 ndges, the a\ erage difference being o 7 , the average 

Toes In toes, according to Steffens (119), the range of vanation of 
ndge number is greater than in fingers The frequency distnbution of 
ndge counts on toes shows nather a distinct cleft between counts 15 
and 16, nor one between 21 and 22 Steffens does not find it possible to 
differentiate in toes the three genotypes VV, T'r and r?, unless there be 
some modification of the border hncs (as suggested VV, o~i$, Vv, 16-24 
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or 16-25, w, 25 or 26 and above) In evaluating epidermal thickness m 
toes, the same author advises exdusion ol those cases of monozygotic 
twins which present wide discordances With the suggested modification 
of the genotjT>es there are among her 50 pairs of monozygotic twins but 
two instances of discordance in fin^rs and none in foes 

Steffens has no instance in which embryomc epidermal thickness is 
less in the foot than in the hand In 85% of the subjects the relationship 
between fingers and toes is about the same The outstanding contrasts 
between toe and finger patterns are indicated in table 39 


TVBLC S9 

FBEOitscrEs or Cisbiovino FicroBS iv Fiscebs axd Toes or the Same Subjects 
(Sitjtns) 


Cushiorung (Actors 

Fingers 

Toes 

rr 1 


„ 

Rr 


46 

RR 

««7 

' 4 } 




Lu 

lot 

iS 

UL 

$7 

«7S 


It IS suggested that toes are more frequently cushioned than fingers 
For the study of cushioning, Steffens combines toes I and II as the tibial 
group, and III, IV and V as the fibular (though it is immatenal whether 
toe III w grouped with the tibial or fibular set) The results indicate that 
cushioning m toes probably is not regulated on the same basis as in fingers 
Falus IVlIder s observations noted briefly and illustrated in the 
introductory section of this chapter, suggest a dominant mhentance of 
thenar/first interdigital patterns Weranger (259) also devotes attention 
to the thenar/first interdigital areas Her material compnses 290 families 
ivith a total of 562 children She regards the mhentance as too complex 
to be explained on the basis of a single factor There is some indication 
that presence of the pattern in fathers has a greater influence in producing 
patterns m the offspnug than does presence of the pattern in mothers 
The data m table 40 show that not only the presence of patterns but also 
the degree of pattern elaboration is determined by genetic factors 

Weinand supplies information on palmar patterns and on palmar main 
lines In palmar interdigital II it appears that the presence of a pattern 
is dominant over open field Of 13 offspnng from parents 0 X 0 $ show 
patterns in interdigital area II This is in marked contrast to the rare 
occurrence of this pattern in the general population Further, among 44 
famihes wherein parents are 0X0, only 7 of the 197 children have these 
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T\BLE 40 

IVHESrrAKCE or Paluak I^enak/Fikst Ikiebdicital Pattebns 
(If nMiflgrr} 


Presence or absence of patterns 


Degree of development of patterns 


Parental comb nations 

^um 

ch ) 

; Ch Idren 
with 
thenar 
patterns 

Parental comb nat ons 

ber of i 
chil 

Children 

with 

thenar 

patterns 

0 X 0 

374 

9 9% 

0 X 0 

374 

9 9% 

0 X un lateral 

95 1 

»S 3 

0 X incomplete 

77 

i6 8 

0 X bilateral 

7* ! 

37 5 

0 X complete 

96 

33 3 

Un lateral X Unilateral 

II ' 

54 5 

Incomplete X incomplete : 

3 

33 3 

Un lateral X b lateral 

a 

6a s 

Incomplete X complete 

9 

aa a 

B lateral X bilateral 


00 

Complete X complete I 

9 

1 9 


patterns Similar observations are recorded for interdigitals III and IV 
and for the hypothenar The h3rpothenar however presents a discrepancy 
Parental combinations 0X0 and 0 X untlaleral presence produce equal 
numbers of hypothenar patterns in the offspring Weinand assumes that 
there is a particular susceptibility of this palmar area to parakinetic 
influences He offers the alternative explanation that patterning is trans 
mitted recessively Except for mterdigital III as illustrated in the thenar/ 
first mterdigital from Wemngers data the number of children with 
bilateral patterns is greater from 0 X btlaleral presence than from the 
combination untlaleral X unilateral Untlaleral X untlaleral produces cbil 
dren who if patterned are predominatingly patterned on one hand only 
and btlaleral X btlaleral gives nsc to children who are predominatingly 
bilaterally patterned 

It is definite that the directions of bne D and the associated hne C 
are hentable Abundant evidence from twins is available from other 
sources but Weinand s data on 5* fainihes with 230 children supply 
clues to the mode of inheritance When the parental combination is 

II II Xiiii- about three fourths of the children ha\e 

similarly high terminations of the mam lines If parental instances of the 

topographically similar up be added to this group then over po% 

of the children present high terminations The parental combination of 

high UTmtnalion {7/ 77 ) X low lermtnalion (p7 ) yields children 

who have preponderantly high terminations The offspnng are about 
equally apportioned betw een high and low terminations w hen the parental 

combination is 77 p X P7 , but they are preponderantly low 

from the combination up X77 
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Czik and Malan Tcpoit on Use palmar mam lines and palmar patterns 
m carefully diagnosed senes of monozygotic and same sezed dizygotic 
twins As an illustration of the results, and of the influence of heredit) 
in determining the main lines, it may be noted that 77 9% of the monozy 
gotic pairs agree in the position of termination of line A, while for dizy 
gotics the concordance is only 35 7% 



>>>> 


13 




> 


TWIN DIAGNOSIS 


Objectives and General Methods 

K NOW'LEDGE of the inheritance of dermatoglyphics prepares the 
way for practical applications Many basic problems in biology, 
psychology and medicine are approachable through studies of twins 
Inasmuch as twins are being used to determine, for example, the r6Ie of 
inheritance in susceptibility to a disease, sound diagnostic procedures for 
distinguishing the monozygotic and dizjgotic types are essential Der> 
matoglyphics are included among the items generally accepted as valid 
diagnostic critena Another application (Chap 14) as yet not on as 
secure a foundation is concerned with the determination or exclusion 
of parentage under circumstances when there is question of the paternity 
of a child or, more rarely, of the maternity 

Differentiation of monozygotic and dizygotic twins ordinarily is 
accomplished by the ‘ sinulanly method” Siemens, Newman, Komai, 
von ^'erschuer, Rile Meyer Heydcnhagen Geipel JlacArthur and others 
have sought to establish methods leading to diagnoses that are reasonably 
dependable The principle of diagnosis in the similarity method is the 
assembling of observations on a variety of traits, which preferably are 
non hnked in inhentance For instance. Rife (235) presents a test of a 
diagnostic formula comprising four qualitative and four quantitative 
items, the exact mode of inhentance of each qualitatu e trait being known 
(a) blood tj’pes A, B, AB and O, (b) blood tj'pes M and N, (c) presence 
or absence of hair on the middle segments of fingers, (d) ability to taste 
phenyl thio carbamide, (e) ins pigmentation, (0 intelligence quotient, 
(g) quantitative values of finger pnnts, (h) stature A twin pair showing 
correspondence m the eight traits is diagnosed with fair assurance as 
monozygotic The chance of error may be as low as 27 out of i 920 000 
if the parents are heterozygous for each of the qualitative traits 

Possibilities of error are inherent m the similarity method However 
small the chance of error may be in a properlj executed diagnosis, the 
»ss 
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close resemblances sometimes observed in individuals who are not mono 
Zygotic twins illustrate how a nusUlien diagnosis might be made if 
the companson is not exacting Wilder (264) mentions three sisters 
two of whom are fraternal twins the single born sister so closely 
resembles one of the twins that die is commonly taken to be the twin 
partner 

As a supplement to the similarity method the character of the after 
birth (a single chonon or two cfaonons) has been considered by many 
workers a reliable diagnostic aid Some recent students of twins however 
find instances of conflict between the results of the similarity method and 
the d agnosis based on fetal rocmbtants and they question the vabdily 
of the latter cntenon Essen MoUer (190) considers that 17% of all 
dichonal pairs are monozygotic and about 33% of monozygotic pairs 
are dichonal 

The general procedures m twin diagnosis cannot be broadly discussed 
here but jt must be insisted that an investigator desinng to determine the 
distinctions of dermatoglyphics m monozygotic and dizygotic twins 
should not include these features among the items m his original diagnoses 
Some investigators of twins have fallen into error by not observing this 
precaution against arcular analysis 

According to von Verschuer (252) the hereditary equality of mono 
zygotic twins is supported by three lines of evidence (a) In lieu of direct 
proof drawn from human twins which in this relation is unobtainable 
he cites the study of Kappert on the flax plant One-egg tmns tnplets 
and quadruplets occur m certain stocks of flax Cultivation by self 
pollination demonstrates that the phenotypic differences among the 
components of these multiples whether two or more m number are not 
hereditary (b) In a simple and well known hereditary complex (blood 
groups O A B AB and the M and N agglutinogens) it is definite that 
gene differences in monozygotic twins do not occur since the two members 
of such a pair never differ in blood type (c) Similanties of monozygotic 
twins are no greater than those between the right and left halves of the 
body of one person — and in diaractenstics which exhibit distinctive 
umlateral variations the homologous halves of the members of a mono 
Viwi ill vAWily iliLs. tlsa.w tbt ci^hk and. left ai/it'i at an. 
individual This last point elaborated by Komai and confirmed by other 
investigators has come to be universally accepted as a law applicable in 
twin diagnosis Both von Verschuer (250) and Meyer Heydenhagen point 
out that the rule regarding homolateral and bilateral unliLenesses in 
twins holds only for characters baviog difl^erent statistical trends of vana 
tion on nght and left sides 
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An excellent demonstrabon of the contrast between monozygotic 
and dizygotic tnins, with respect to degrees of homolateral and hetero 
lateral differences, is ptQ\'ided bj the correlations of quantitative value 
Monozygotic and dizygotic twins are widel> different in these comparisons 
(Table 41), though equal in their intra mdmdual, or bilateral differences 


TABLE 41 

CoErnciEN-Ts or Corselatios iv QuakHtatwe Vaei'es or Flsccb Psints r\ Twins 


CoEihiEation j 

1 Monozygotic 

twufs j 

Dizygotic tmns 

Author 

}S\t 

FF 


[ JfF FF 

Both hands of twin A and both 
hands of twin B | 

0 97 1 

0 06 
9* 

95 

0 36 

0 14 0 33 

' ° 54 1 

0 46 

Fukuoka 

Bonnevie 

Newman 

Right hand and left hand of the 
same individual 

[ 0 91 1 « *9 
^ 0 96 

0 « 

1 c 91 1 0 94 1 e 83 

» 93 

Fukuoka 

Bonnevie 

Nenman 

Left hand of f and left hand of B 

0 9* 1 0 9* 

0 9i 

® 37 1 0 >9 1 » 38 

0 50 

Fukuoka 

Newman 

Right hand of A and nght band 
of fi 

0 93 1 0 93 

0 o» 

1 ® ® 85 

0 34 

Fukuoka 

Vewmaa 


The same is true when quantitative value pattern type and palmar con 
figurations are analyzed by the method of average differences (Table 48) 

It will be recalled that among the members of the family studied by 
Heindl (60), resemblances and differences of finger pnnts are correlated 
to some degree with resemblances and differences in other bodil} and 
mental charactenstics In the main this correlation is borne out in observa 
tions on twins Obonai, who examined about 200 pairs of twins, emphasizes 
ihai some pairs of monozjgolic twins maji ha>e finger patterns that arc veiy 
unlike 

The reliability of dermatoglypbics as a diagnostic aid is illustrated 
in the experience of several workers Newman (227) reports that of 42 
pairs of twins in his senes 40 w ere correctly diagnosed by dermatoglyphics 
alone Meyer Heydenhagen asserts that 90% of monozygotic twins may 
be diagnosed by their similanties in palmar dermatoglypbics An cspeaally 
significant test is reported by Rife (237), who had submitted to MacArthur, 
another expenenced student of twins only the pnnts of 61 pairs, including 
both moDOzygotics and dizygotics MacArthur correctly diagnosed 5® 
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of the 61 pairs, and it is noteworthy that two of his three diagnoses which 
disagreed with Rife’s judgment based on other traits were tentative 
Lauterbach doubts the usefulness of palmar dermatoglyphics in twin 
diagnosis His reservation is made because of the close likenesses of these 
features occurring m some twins whose dizjgosity is certain because they 
are opposite sexed Cummins (180), analyzing the dermatoglyphics in 
eight pairs of twnns, at the time without other information which might 
give clues to zygosity, makes diagnoses of two pairs inconsistent with the 
data on fetal membranes The diagnosis of two pairs as dizygotic in 
disagreement with monochonomc membranes, is open to the explanation, 
since emphasized by von Verschuer, Essen ^toiler and others, that fetal 
membranes may not be rebable indicators of zygosity 

Ford, Brown and McCreary report on a pair of twins presenting every 
evidence of monozygosity except in dermatoglyphics In this case the 
parakinetic mechanism responsible for dermatoglyphic unhkenesses is 
identified with a functional handicap m intrauterine development, which 
18 shown to be probable in view of demonstrated abnormal relations of the 
fetal membranes Of similar significance from the standpoint of para 
kinetic factors are observations on joined monoxygotic twins popularly 
called "Siamese” twins Their dermatoglyphics are more dissimilar than 
m monozygotic twins generally (181, 182, 228, 234) The developmental 
processes of individuals so united obviously are disturbed, and char 
actenstics susceptible to such influence would not be expressed geno 
typically Unhkenesses of patterns in a supernumerary digit and the 
corresponding digit of the normal series are further illustrations of para 
kinetic effects In the absence of such influences it might be expected that a 
supernumerary thumb, for example would bear a pattern closely resem 
blmg the pattern of the normal thumb Actually major discrepancies 
even of pattern type, occur in a large proportion of these cases 

Gruneberg (203) urges that m studies of mhentance the single born 
should be compared with twins, and be illustrates how such material 
may be quantitatively analyzed to secure a measure of paratypic influences 

Specific Methods, with Couparisons of Tuiv Types 
MacArthur regards finger print traits as more reliable than palmar 
features rn distinguishing the twin varieties, at least as he analyzed them 
and considers ndge counts more effective than pattern type He follows 
an exacting method m analyzing the dermatoglyphics of twins and in 
comparing twins with their parents and siWings 

(a) Total ndge counts for the five digits of each hand are compared 
m the nght and left hands of the one individual, between corresponding 
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hands of the members of the pair, and between their Cjjposite hands 
The difference obtained in each of these comparisons is expressed as a 
percent fraction of the a\erage ndge count in the general population 
(about 66 ndges per hand in the material chosen by MacArthur) 

(b) Pattern type and pattern direction are evaluated and the differ 
ences are rated by empirical values A unit difference is assigned to unlike 
nesses as distinct as those represented b> the mam pattern l>-pes -fthorls 
ulnar loops radial loops simple arches tented arches A half unit differ 
ence is assigned when two patterns belong to the same general type, but 
differ as do minor varieties of whorls A half unit difference applies also 
to two patterns morphologically closely allied to each other, such as an 
ordinary ulnar loop and one practically reduced to an arch The total 
difference in the comparison is the sum of the unit and half unit differences 
Its percent value is expressed m relation to the maximum difference 
possible for the specific comparison — m five couplets or ten according 
to whether the comparison concerns single hands or right and left hands 
combined The same procedure is followed m the palmar features below 

(c) Speafic differences in palmar main bnes and anal tnradii also 
are rated by empirical values There are five items in this comparison 
four mam lines and the anal tnradius Unit values are recorded when 
corresponding mam. lines end in zones as iMdely separated as rr and g 
p and 7, 6 and or when one of the bnes is absent Half unit values 
apply to corresponding lines which terminate in Bd)oming positions such 
as / and 5", /' and 4 4 and 3 upper zone of j and lower zone of ? 10 
and p 10 and ii, A and *, A and g A and 5 or 7 An independent termina 
tionin one line and a dual termination in the other with one main number 
m common, such as ix and Z//7 or p-7 and 7, also is valued as a half unit 
For axial tnradii, i is valued as one unit difference from 0 l", or t'i < is a 
half unit difference from l' or It', as are from {' , and the presence of an 
ulnarward / as distinguished from its usual absence 

(d) Each of the five palmar configurational areas is subjected to a 
similar quantitative analysis In the hypothenar area is one unit 
difference from A* and from L', If , L'lA*, or other true patterns Except 
cs noted below, loops of the thenar and interdigital areas are rated as of 
one umt difference from W, D, d, V, V or O Half unit differences are 
cnt'red when two compared hypothenars are A* and A'/A', A* and 0 
A' and L' (or T'),Z,’’andi''',also for thenar and interdigital configurations 
L and L/V (or L/ 0 ), L and I, D and d, O and V (or 1/). F and U ’ 

* Tht isagTiTnent rf some t>l these values should be revised to obviate dup! ealed ratings 
of difference Forexample the half unil d fferenee between A* and * repeliUon of the 

value already assigned to the t and f wlu<h axe the assoaates of these configuraUons 
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MacArthur recommends additionally indices of pattern fomi presence 
or absence of twisting ndge counts on toes pattern types on toes plantar 
main Lnes plantar patterns He mentions further that the configurations 
of the basal phalanges of fingers have proved useful TOth this method 
MacArthur makes comparisons of bilateral homolateral and heferolateral 
differences m twins and in single bom individuals (Table 42) 

TABLc. 42 

Average l\ciiBE»s or Ilir«*EKCLS IM QtTA’STJTATtvE Vaife Patterv Ty>E Pauiar 
Mai*> une Tervinaiions A^» Paimar Patterns Is Comsutinc the Average Percent 
D irrERENCE Eqcal Weicbts Are Civen the Foe* Traits 

(i/MAr/isr) 


Hind cotnpimon | 

Ridge 1 

Finger 

patterns 

Pilm 

Palm 

patterns 

difference 

Bilal 'ol 1 






los identical tnnu I 

7 

* $8 1 


3 00 

26 p 

190 fraternal tnma ' 

8 14 

1 6t 

3 6* 

3 j8 

36 s 

190 single born 

Utmtlaltral 

8 09 

3 49 1 

4 24 

* 89 

29 2 

50 pn, identical turns 

S 88 

J 88 

» 84 

» 09 

29 e 

50 pn fraternal twins 

it P4 


4 JS 

3 8S 

37 9 

61 prs s ngle $ bs 

« JS 


4 34 

3 89 

39 8 

150 prs random pan 
lleterslaltTal 

»8 61 

' S 60 

I * 

4 56 

48 1 

JO prs idenuoal twins 

6 86 


4 04 

» 96 

26 0 

50 prs (fatettial twins 

i »» P8 

4 40 

4 75 

4 J8 

49 8 

61 prs Single s bs 

21 sp 

S «3 

3 40 

4 14 

44 > 


In the monozygotic pairs bilatc al differences usually are greater than 
homolateral differences this being rever ed in dizygotics la 84% of 
dizygotic pairs both homolateral and beterolateral differences are greater 
than bilateral differences m the same proportion of mono^gotics both 
bilateral and heterolateral differenixs are greater than the homolateral 
though in instances of ‘ as)Tnmctry reversal ’ the heterolateral difference 
IS reduced MacArthur formulates this rule If a pair has no more than 
30 percent homolateral difference m hands the probability is 84 percent 
that they are monozygotic, if they have more than 30 percent homolateral 
difference the probability is 90 percent that they are dizygotic 

Essen ‘Moller (189) introduces a diagnostic formula for twins (in 
pnnaple the same as his formula applied in questioned paternity) 
The formula depends on the relationship of frequency of a character in 
dizygotic twins (B) as compared to the frequency of the same character 
m monozygotics (A) The unlike proportions of monozygotics and di 



T\\ IV DIAG^OSIS 


241 

zygotics are adjusted by a factor derived from the proportion of mono 
zygotics among same sexed twins (26 63, m the population which he 
analyzes) The factor is = i 423 The formula (applied to a 

single character, as it would be in the instance of a selected trait such 

as the ndge number) is ^ It may be extended by continued 

I + r 423 X 

multiplication of B/A for each of the traits observed thus 


. r>i JSt Dt 


The value signifies positive monozygosity when vt approaches ioo%, 
and positue dizygosity m approaching 0% The mean probability in 
dizjgotics IS 30 6% and m monozygotics 69 4% (190) Using as finger pnnt 
cntena the difference m total ridge count Essen Mollci compares a 
group of dizygotic pairs (the diagnoses being unquestionable since the 
blood groups differ) with a senes of monozygotic twins diagnosed bj 
several cntena (Table 43) 


TABLE 4i 

Dirrziesces is Total Ridge Coont Theie FBEQtEsaES and the PsoBisiLm Valctes 
iLss<ii Melltf) 


Diffettncn m total 
ndge number 

Dizygotics 
(73 pairs) 

Monozygoucs 
(47 pairs) 

Probability 

4^ 

4« *% 

0 19% 

0 5*0 

30-39 j 

17 6 

' 

” 3 

»D-»9 

14 3 

10 00 1 

41 » 

10-19 

»S 7 

31 70 

1 66 7 

0-9 

16 0 1 

S6 30 

78 I 


Pattern Type Stochs (245) makes homolateral comparisons of 
corresponding digits in each twin pair If seven or more couplets have 
similar patterns the pair is diagnosed as monozygotic l\Tien there are 
five or less agreements the pains di^gotic, and if there are six agreements 
(or a doubt between five and six or between six and seven) other bodily 
traits must be used for diagnosis TTus author holds that one out of four 
pairs may be diagnosed by finger prints alone In an alternative method, 
heterolateral comparisons are included In elaborating on the method 
(246) he adds that seven digital couplets with like pattern type give odds 
of 50 I in Ia\or of monozygosity 
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In his 1941 publication Geipel refers to a study, m press, on con 
cordance of pattern t>-pe Companng homologous digits of the two mem 
bers of a pair he reports in 583 same sexed dizygotic pairs, 5 2% of cases 
in which more than seven digital couplets are discordant Among 596 
monozygotic pairs there is no pair showing more than seven discordant 
digital couplets He concludes therefore that a twnn pair showing dis 
cordance of pattern type in more than seven digital couplets is almost 
certainly dizygotic 

In Danner’s series of 85 pairs of twins. Stocks dictum regarding 
pattern type fails in 19 pairs Fourteen of the fraternal pairs have more 
than SIX couplets of hke patterns and there are s pairs classed as mono 
zygotic having less than six couplets of the same type 
TABLE 44 

Lorno’s \ alus or DumEvcEs w Patteav Tvte 

Difference* 

Loop »D<I wboil 
Loop aad arch 
and «borl 

Loop and tranaitional pattern 
Whorl aod Iran* ttona! pattern 
Arch and traBiiCional pattern 
Vloar and radial ditecuons of the same pattern type 
Symmetry reversal o( nght and left 
Difference of pattern in d gits III and I\ 

Difference of pattern m d gits IV and \ 

Difference of pattern in digits I and II 
Difference of pattern between I and III IV or \ 

Difference of pattern between 11 and III r\ V 

Volotzkoy uses pattern intensity rather than the descriptive pattern 
type He claims that intra pair differences of six or more tnradii indicate 
dizygosity In the intra pair compansons of monozygotic twins he finds 
cases contrary to Stocks, in which five, six or even seven pairs of digits 
are discordant in pattern type 

hlost authors compare pattern type, as well as some other finger 
print traits, m couplets of homologous fingers Lauer and Poll, however, 
show that there is a relation not only between corresponding digits, but 
also among fingers of the same band The digits particularly thus asso 
ciated are HI with IV, and IV with V, digits I and If also are associated 
in an obscure way, but rarely is there an indication of such relation 
between I or II and any of the other digits 

Lottig applies this pnnapic in a twin analysis and though his senes 
is small (ten pairs each of monozygotics and dizygotics), the results suggest 
possibilities of further investigation Like MacArthur, he constructs a 


D fference 
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scale of arbitrary numencal values (Table 44) for rating the differences 
of pattern type and direction, and reports the quantitative differences 
(Table 45) 

T^BLE 4, 

DlTfERENCE VaIUES 01 PATTERN TyFE AND DiBECTION 1\ 10 pAlRS OF Ttt^^S 
(Lothi) 

'tonoEygolics Dizjgotics 


3 S 
1 S 



Aver«g« II 4 8 

Pattern Form Ennenbach finds that the maximum intra pair 
difference in the form index (ten digit average) of monozygotic twins is 
103 He agrees with Geipel that a difference of 15 or more points in the 
index would indicate dizygosity However, among his dizygotic pairs the 
majority display differences less than 15 points showing that the diag 
nostic value of the form index is limited Ennenbach regards quantitative 
value as the most important dermatoglyphic items in twin diagnosis, 
cushioning as a useful supplement and pattern form as of slight aid 
Fukuoka, judging pattern form mainly on the basis of digit IV reports 
that m 125 pairs of monozygotic twins there is no instance of intra pair 
discordance, which contrasts with a discordance of 53% in opposite sexed 
dizygotics 

Quantitative Value Geipel concludes that a pair of same sexed 
twins presenting a difference of more than 40 ridges in a total count may 
he considered almost with certainty dizygotic (Table 35) He cautions 
that in instances presenting a difference of about 40 ridges reliance must 
be placed on other characteristics In twins with a difference greater than 
ho ndges the diagnosis of dizygosity can be made with certainty 

Fukuoka observes in dizygotic twins an average difference m quantita 
tive value nearly six times as great as in monozygotics when all ten digits 
Are considered, and three to four times as great when the hands are com 
pared separately In monozygotic twins the average bilateral differences 
Are somewhat higher than homolateral differences The coefficient of 
correlation between corresponding hands of monozygotics is slightly 
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hjgher than that between nght and left hands of the same individual, 
the same trends are reported for ndge counts between palmar digital 
tnradii 

Danner records a range of difference of o-ii ridges in monozygotics 
and 0-36 ridges in dizygotics 

Rife (236) analyzes 20 pairs of carefully diagnosed monozygotic twins 
The mean intra pair difference in quantitative value is 4 o, and the mean 
in TOO sibling pairs is 14 9 The maximum intra pair difference in the 
twins IS 8, and in the sibhngs it is gr In four twin pairs there is no differ 
ence in quantitative value, while among the 100 pairs of sibhngs only 
two pairs are equivalent 

Minor Cokfigurationai. Characters Newman (225) places weight 
on close resemblances in minor configurational features believing that 
resemblances such as those shown m fi^re 144 are sufficient to indicate 
monozygosity The resemblance to which he refers is of course not a 
correspondence m minutiae though the disposition of ndge details may 
be similar m Iw 0 patterns (Even this degree of bkeness is not an absolutely 
dependable guide to monozygosity, for even with unusual and complex 
configurations a striking resemblance may exist in two individuals who 
are fraternal twins, siblings or parent and child ) 

Palus and Soles ^feyer Heydenhagen provides detailed information 
relating to the palmar dermatoglyphics m a large senes of twins The 
unhkenesses of palmar dermatoglyphics in monozygotic and dizygotic 
twins, already indicated in MacArthurs scheme of diagnosis are m full 
agreement with the contrasts m finger pnnts One of her general con 
elusions of particular interest is that reversal of asymmetry is not a 
characteristic of monozygotic twins, contrary to the claim of Newman 
and others The same negalue finding is reported by Rife and Cummins 
Viewing the palmar cbaractenslics from the standpoint of the develop- 
mental mechanism, Meyer Heydenhagen concludes that most of the 
dimensional and configurational features particularly the hypothenar 
area are quite environment labile The most environment stable traits 
are larger whorls m the thenarandfourthinterdigital areas, well expressed 
loops in the thenar/first interdigital area, loops with accessory tnradii 
in interdigital areas II, III and IV All tnradu appear more stable than 
the patterns assoaated with them 

Montgomery analyzes the plantar patterns m 57 pairs of same sexed 
and 30 pairs of opposite sexed twins Aiming to determine how many 
pairs are ' identical” he sets the following specifications (a) Either all 
four soles, or both nght and both left soles must have the same pattern 
formulae ilder’s formulation), (b) There must be no marked differences 
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m configurational character of patterns having the same formula Thirteen 
of the 87 pairs (14 9%) conform to these speafications and all except 
one of these pairs are of like sex The formula in the exceptional case is a 
frequent one occurring in about 10% of the general population hence 
the concordance here is not significant If the concordant pairs are accepted 
as monozygotic, there must remain among the 57 like sexed pairs a 
number of monozygotics whose intra pair differences exclude them 
from concordance as defined Alontgomery concludes that while conform 
ity to these speafications may point to monozygosity non conformity 
does not necessarily indicate dizygosity 
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(QUESTIONED PATERNITY 


Perspectives 

ADVANCES in development of methods for evaluating the proba 
Tjl bility of paternity have been made mainly in Germany and m 
Austna, and espeaally through the contributions of Joseph Wemnger 
and associates in the Anthropological Institute of the University of 
Vienna A group of investigators attached lo this Institute has been 
engaged in a program of studies directed toward the evaluation of a wide 
vanety of structural and physiological traits for proof or exclusion of 
paternity 

Blood groups can be relied upon in some cases to exclude the possibihty 
of patermty, but never do tbe> serve to estabhsb relationship Unless 
the possibihty of patermty is ebounated by blood groups, resort must 
be made to other traits in the attempt to exclude or incnnunate the 
putative father So far, dermatoglyphics have figured only in a small 
way m cases of questioned paternity 

Excellent discussions of the field of questioned paternity are available 
in articles by J IVeninger and by Schrader Harrasser (205) reviews the 
statistics on xoo cases investigated by the Institute in Vienna His digest 
(including dermatoglyphics but largely concerned with other traits) 
embraces a total of 236 putative fathers In 53% of these cases the evi 
dences were of great value, and in 20% they were useful, leaving 27% 
unsolved The numbers of instances of proof of paternity and of exclusion 
of patermty are nearly equal 

A case reported in 1928 by Scbliger illustrates the action of a court 
which at that time wasjustifiably hesitant to accept finger pnnt testimony 
m the issue of questioned paternity A lower court had granted the claim 
of a plaintiff that a certain man was his illegitimate father The defendant 
then took the case to a higher court where blood groups and finger prints 
were presented m evidence Patenuty could not be excluded on the basis 
of blood groups, but the finger pnnt expert declared that the accused 
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could be excluded with a “probabdity bordenng on certainty ” The 
higher court did not reverse the earlier decision on this evidence taking 
the position that the use of finger pnnts in this connection was too con 
tested and the methods too recent and untried Even m the present state 
of knowledge, dermatoglyphics can claim a place only as a minor accessory 
m cases of questioned patermty, there are as yet no laws of inheritance so 
firmly substantiated that they quah/y for rule of thumb practice 

Specific Methods 


Geyer points out that the catena used in problems of questioned 
paternity vary in significance, according to several quahtative and 
quantitative attnbutes To meet the demands fully, a characteristic 
must be clearly definable, its mode of inhentance must be known and 
it must be environment stable and age stable Finally, the frequencj 
of a charactenstic in the population at large must be considered in relation 
to Its occurrence in the examined individuals since m general the probative 
value of a concordance between a child and putative father vanes in 
versely with the frequency of the trait 

In 1937 Essen Moller pubhshed his formula for assessing the chance 
that a putative father is the true father of a child m question The formula, 
embodying a senes of anatomical and serological items, resolves the 
probability in percent The probability of paternity (P) is determined in 
terms of first, the frequency m “true fathers’ of occurrence or absence 
of a particular charactenstic m their children ( Y), second, the frequency 
of the occurrence or absence of this charactenstic among “false fathers’ 
(F), that 15 to say, in the general population of the same raaal stock, and 
m males if there is a sexual difference m frequency Frequencies m the 
general population (F) are determined empirically, and values for many 
dermatoglyphic characteristics are already available m pubhshed statistics 
Since the genetic process m most dermatoglyphic features is complex and 
but httle known, it is not feasible to calculate frequenaes in true fathers 
(k), hence collections of family matenal must be examined for obtaining 
observed frequenaes 


The formula where only one trait is considered, is P = 



senes of traits the formula is expanded to P = 

An example presented by Geyer may be mentioned as an illustration 
of the formula in use A certain characteristic of the ear (band formed 
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helix) occurs in i 77% (o 018) of the Viennese population, it is age stable 
and of like frequency in the sexes This value is I Among true fathers 
of children who possess this character the frequencj is 13 3% (o 133) 
this being A With these values inserted m the formula a probability of 
88 3%is obtained indicating that if there were 100 such cases the putative 
fathers would be judged as true fathers about 88 times and excluded 
from paternity about 13 times When paternity is not excluded bj blood 
groups the Y/X values of a senes of traits are determined selecting 
traits which are genetically independent Thus one would not include both 
hair color and eye color, because of their genetic association So far as 
finger pnnts are concerned, the independence of epidermal thickness (V) 
radial cushiomng (J?) and ulnar cushioning (f 7 ) seems to be estabhshed 
For the same reason some palmar and plantar dermatoglyphic features 
would justify inclusion m the diagnostic formula To continue with 
Geyer s example The child and putative father both have the band 
formed helix, both have blood group 0, epidermal thickness m the child 
IS VV, and in the putative father it is Vt The respective Y/X values for 
these traits (as determined in the Viennese population) are o 133 e 593 
and 0 638 — which when inserted in the formula give a probability of 
paternity of 95 7% 

Bonnevie is cautious with regard to the use of her analyses of the 
genetic process in proving or excluding paternity, though she predicts 
that with further investigation fingerpnntsmay take their place with other 
characters which have a simpler mechanism of inheritance She states 
however, that paternity might be detcnnmed in cases having rare patterns 
or rare combinations It may be added that minor pattern charactenstics 
would be of service m instances of dose resemblance between child and 
putative father Other authors also urge caution espeaally when the 
observations can not be supplemented by examination of relatives of 
those immediately concerned in the case Hahoe in a very hmited material 
of seven families and with rather inexact methods of pattern companson 
IS unable to point to a single instance in which resemblance between father 
and child would aid m establishmg paternity (He alludes however to 
instances of resemblance between mother and child ) 

Pattern Type Bohmer and Hanen state that in cases presenting 
conspicuous smulanty of infrequent patterns pattern type may be 
valuable as an indication of patenuty It is their opinion that the con 
figurational expression is too variable to admit classification under a 
few set types or values and they consider that the evidence must be 
evaluated in each case individually In at least one third of their cases 
they note a distinct resemblance to one of the parents 
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Double cored Patterns On the basis of hiS rules regarding the in 
hentance of double loops (Chap 13), Numbeiger f otmulates the following 
pnnaples (a) When the child and one putative father have double loops, 
which are lacking both in mother and other putative father the man 
bearing double loops is the more probable father (b) \\ hen mother and 
child bear double loops this pattern character is not applicable m the 
question of paternity (c) WTien a child lacks double loops and they are 
present mboth the mother and assumed father this is no evidence against 
the patemilj of the man m question 

BonneMe, with whom Muller and Ting agree considers that the 
genetic process of double loops and other double cored patterns is too 
uncertain to allon for application in paternity cases 

Pattern FoRir Jfueller suggests that his rules on the inheritance of 
pattern form (Chap 13) may be occasionally useful m determination or 
exclusion of paternity, though he makes the reservation that age changes 
of pattern form maj disqualify this trait when young children are in 
volved He formulates three rules (a) If a mother has m each band 
at least one elliptical pattern and the child only circular patterns, the 
presence of elliptical patterns m both hands of the putative father would 
speak against bs paternity (b) If a child has in each hand at least one 
elliptical pattern and if the mother has all circular patterns the true father 
IS expected to have at least one elbptical pattern m at least one hand 
(c) Paternity is improbable when the mother has only orcular patterns, 
the putative father only circular patterns and the child has in either hand 
at least one intermediate pattern 

NUmberger formulates these general rules (a) If one of two putative 
fathers has elLptical patterns and the other does not the latter is excluded 
when the child has elliptical patterns and the mother none (bl If the child 
and one putative father have arcular patterns while the mother and other 
putative father have elliptical patterns, it is highly improbable that the 
man with elliptical patterns is the father (c) When the child and mother 
both have elliptical or arcular patterns it is impossible to make any 
determination of patermty 

Muller and Ting regard Nurnberger's rules as invalid Though these 
cnlics offer no real evidence against the method Geipel points out th^ 
the extreme infrequency of elliptical patterns (eg 19% 0^ ^ 

would tender the rules largely inapplicable in practice 

Geipel uses the average index of the ten fingers and while warmng 
against over-confidence m any rules he presents the following (a) l\men 
mother and child both have a low ten-digit index it is improbable, theo- 
retically impossible, that the child’s father would be one with a large 
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average index The reverse sitoation is equally true (b) If mother and 
child both have an intermediate average index, probability of patermty 
usually cannot be established (c) If the mother has a high index and the 
child a low one, the establishment of paternity is theoretically impossible 
He adds that instances with intermediate form indices involve special 
difficulty 

Geipel (198) reportsacasein which the accused man had a small index 
below 80 the mother an intermediate index, below no, and the child a 
high one, over 120 The accused, according to this, could not be the father 
a conclusion which agreed with the collateral evidence 

Quantitative Value Von Wehren, in a large family material, esti 
mates the efficiency of quantitative value for the exclusion of paternity 
Transposing fathers from one family umt to another m the companson of 
prints, he finds that m ten different combinations paternity may be 
excluded on an average of i 9% of the children and 2 1% of the ‘ families ’ 
By the same exchange method Mueller (221) finds that paternity can be 
excluded m $ 3% ol children and 7 S% of ‘ famihes ' Bonnevie s earher 
method (44) is considered by von Wehren superior to the sewer one since 
It yields fewer exceptions to the rule that quantitative values of the chil 
dren lie within the vanational limits of the parents 
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RACIAL VARIATION 


Concepts Underlyikc Racial Cosiparisovs 

G lassifications of peoples may be founded on physical char 
acters culture language or geographic distribution Consideration 
of structural and phj siological characters lies in the field of physical 
anthropology Many physical characters (e g stature head form nose 
form shm color eye color hair color hair form blood groups) have been 
used in defining races The classification obtained vnth one character or 
set of characters may confiict with that resolved from others Dcrmato 
glyphics It will be shown display raaal variations which m general are 
m accord with classifications based upon other traits 

A troublesome but apparently unavoidable complication is use of the 
word race a term so vanously apphed and so ill reputed that its sense 
vn this discussion of racial vanation must be explained In our sense 
race is equivalent to breed with the same biological connotation 
as that applying in breeds of dogs cattle or other domesticated animals 
Just as reference is sometimes made to the human race designating a 
group of beings distinct from all other forms there may be set apart in 
accord with biological qualities difienng from those of other chief groups 
a broad division of mankind eg White race Again the WTiite race 
might be divided into races each having distinctive phjsical characters 
The sense of race m these examples applies to a group whether com 
prehensive or limited marked bj common characteristics traceable to 
inhentance One shortcoming in such use of the word is lack of indication 
of major or subordinate rank Fortunately we are not attempting to 
establish a speafic classification and have no need of a scaled nomenclature 
for races Our naming of racial samples is not planned to conform to an} 
consistent classification of races At one moment it may be convenient to 
refer to W bites as a major race and the next mention of a raoal difference 
may contrast Norwegians and Itahans the designations being based ujKm 
nations National populations are not on a pat with groups separated on 
*s» 
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the basis of biological characters, the races of customary anthropological 
usage The distribution of biological qualities does not conform to political 
boundanes In Italy, for example, two races are represented — ^Alpines in 
the north, and Mediterraneans in the south 

It is necessary however, to construct a working classification, so that 
related raaal samples may be combined In terming any group a race there 
IS no intent to conflict wth established classifications Since many wnters 
on anthropology adopt a classification comprising three main races — 
White Yellow brown and Black — this grouping is followed here 

Included in the group of Wkttet are the populations of Europe and of 
sections of Asia and Afnca bordering the Mediterranean Sea In the usage 
of most authors three or more races of Whites are distinguished The 
MedtUrraneam comprise European and extra European populations of 
regions neighboring the Mediterranean Sea, the Alpines are typified by 
inhabitants of Switzerland northern Italy, southern France and southern 
Germany, while A’erdics ate typified by peoples of the Scandinavian 
countnes and northern Germany Among Whites also are the Hindus and 
closely related in many characters though of doubtful position, some other 
groups such as the Amo The Yetlovhbrovn peoples, Mongolians, include 
not only Japanese, Chinese and related Asiatics but also Indians of the 
Americas The third mam raaal group, the embraces the Negroes of 

Afnca, both typical and dwarf types, Philippine Negntos and Melanesians 
Two landmarks m the history of knowledge of racial variation m 
dermatoglyphics are Gallon’s /‘mgerPnntj and Wiidtr i Raetal dtfertnces 
in palm and sole configuration In bis Chapter 12, Gallon compares four 
raaal senes (Enghsh, \\ elsh, Jews and Negroes) with regard to frequencies 
of arches on index fingers The only outstanding contrast in the four groups 
is between the English and Jews, where the respective frequenaes of 
arches are 13 6% and 7 g% In Jews the lower frequency of arches and 
to some extent of loops also, is compensated by increase in whorls Galton 
states emphatically that there is nopecuhar pattern which is cbaiactenstic 
of any of these groups and that the only differences observed are unlike 
frequenaes of the same pattern types 

In a general article on palms and soles tVilder remarked m 1902 that 
“it would be of much interest to compare the sculpture of the palms and 
soles in the vanous races of men as It is at least possible that there may be 
suffiaent difference to constitute important raaal characteristics His 
paper of 1904 concerns an investigation of palms and soles m Alaya In 
dians, IVTutes Negroes and a few Chinese Among other contrasts he 
observes in the Maya a high frequency of palmar thenar/first interdigital 
patterns and infrequent hypothenar patterns His observations on the 
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distinctions of Maya Indians Whites and Negroes have been repeatedly 
confirmed Like Gallon Wilder stress^ the absence of morphological 
peculiarities diagnostic of race m the individual The distinctions observed 
are therefore unlikenesses in the frequenaes of characters that occur in 
all races 

Wth the accumulation of records for many raaal senes it is now 
assured that raaal differences m dermatoglyphics are real The rois 
understanding of a distinguished Bntish anatomist writing as late as 
1939 may be typical of an erroneous view held possibly by others This 
anatORUst states without indicating in context whether the remark 
applies to morphological characters or to statistical trends Attempts to 
estabhsh racial differences in the papillary ndge pattern of the fingers 
and of the palm of the hand have led to negative results Hemdl an 
outstanding authonty in his own field of finger print identification and 
criminology pubhshed in 193s a pointed denial of the reality of statistical 
expressions of racial difference Noting that the frequenaes of finger print 
types in European peoples are fairly uniform he claims that all the re 
ported departures therefrom in other raaal senes are due solely to the 
use of samples too small to yield reliable frequencies His argument ignores 
the fact that reliability of racial differences is demonstrated both by 
accepted tests for statistical significance and by the repeated finding of 
the same distinctive trends m different collections from the same raaal 
stock even when the senes are small 

The status of raaal vanation in dermatoglyphics may be better 
appreaated in the hght of differences in other traits Some raaal char 
actenstics are so deeply ingrained genetically that they appear in all 
individuals of a race It would not be difficult to recognize as a Mongolian 
an individual with straight black hair yellowish tinged skin and epicanthic 
folds of the upper eye lids If however one confined examination to some 
isolated feature — e g head form stature or blood group — an individual 
would not be assignable to his race because each of these traits vanes 
inter raaally only with respect to frequenaes A race might be pre 
dommatingly short statured round headed or of blood group O Similarly 
a race might be distingmsbed by relatively many arches and few whorls 
among finger patterns An individual who has many arches and few whorls 
can not be diagnosed as to race anj more readily on the basis of this 
characteristic alone than an individual about whom we know only that 
he is short in statur^-stSfitfheaded oToW^lood group 0 AH such traits 
enter into the rarfSfcbaracter of a mass sample Their more frequent 
occurrence in individuals of some races determines the trend which makes 
the group distinctive 
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DERilATOGLVPHICS AS CRITERIA TOR RACIAL COMPARISONS 

Biological and Technological Qualifications In a valuable 
critique of methods of clasafying mankind Boyd* enumerates certain 
requirements which should be satisfied by catena chosen for human 
classifications These requirements are here listed and under each the 
degree of qualification of dermatoglyphics is bnefly indicated 

(a) The critena must be objective so that individuals will be classified 
consistently by different observers The methodology of dennatoglyphics 
IS now so standardized that constancy in determinations is suffiaently 
assured As a result of intensive interest in finger prints descnptive 
methods for these features progressed rapidly to the point of stability 
and abundant data from different races are on record In the case of palms 
and soles less material has been accumulated additionally some of the 
early records based upon methods non superseded admit at best only 
tentatne translation into terms of current methods 

(b) The traits used m raaa) classification must not be subject to 
extensive environmental modification This requirement is met by derma 
toglyphics which are not modifiable post natally 

(c) Ideally a entenon chosen (or raaal companson should be one 
controlled by a simple and known genetic process Dermaloglyphic fea 
tures unfortunately are like most other traits which figure in racial 
classifications being regulated by a complex and incompletely understood 
genetic mechanism 

(d) The traits should be non adaptive thus ehmmatmg effects of 
natural selection Dermatoglyphics satisfy this condition probably as 
well as any physical characfenstic and better than many The supenonty 
of patterns over patternless configurations both m heightemng factional 
resistance and m increasing tactile acuity is recognized (Chap s) but it is 
extremely doubtful that the difference between a pattern and a patternless 
configuration or between two pattern types has any selective value what 
soever Gruneberg (202) concedes the improbability of a direct selection 
of qualities of dermatoglyphics but he holds that selection may still have 
been indirectly responsible for effecting racial differences in these features 
He asserts without offenng evidence that there may be genetic linkage 
with traits which do have a selective value Actually dermatoglyphics 
are not thus correlated with diaractenstics that have been tested (Chap 
16) and their genetic independence (from head form nasal form general 
body build and blood groups) adds a distinct advantage for use in racial 
companson 

Am J Phy*. Anihropol vol 97 pp 337-364 
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(e) To be fully qualified, the cntenon should not be subject to a high 
rate of mutation No investigations have been made on mutation rate in 
dermatoglyphics, but the character of dermatoglj’phic variation suggests 
that mutation is a negbgible factor in the production of racial differences 

Choice or Traits Dermatoglyphic characters are hentable, hence 
dependent upon the action of genes, and since races vary statistically in 
frequenaes of particular features, it fotlons that they varj also in fre 
quenaes of genes Charactenzation of a race would be stated ideally m 
terms of gene frequencies, because the actual expression of features in the 
individual (phenotype) may differ from the genetic prospect (genot>pe) 
These matters are discussed in Chapter 12 where all the available calcu 
lations of gene frequencies are brought together in table 38 Few raaal 
samples are represented, and the only genes thus far investigated are 
deterrmned from ndge counts in finger patterns (epidermal thickness V, 
radial cushioning, R, ulnar cushioning, U) Pending confirmation of the 
genetic process in dermatoglyphics and accumulation of proved data on 
gene frequenaes in many representative raoal samples, it will be neces 
sary, as vn the case of most bodily traits, to compare races only on the basis 
of phenotypes 

Having limited the comparison (o phenotypes the first question 
involves the selection of regions and speafic dermatoglyphic characters 
which meet the needs for racial comparison Shall it be fingers palms, 
soles or toes — or shall all regions be considered^ This question is in part 
already answered by limitations of available records Frequencies of 
pattern types 10 toes are known only in four racial samples (Table 17) 
Raaal distinctions are evident, but this material is too meager for com 
prehensile comparisons The situation is more satisfactory with regard 
to data on plantar configurations, and still larger material is available for 
palms Finger prints have been studied most extensivelj and are thus 
favorable as the principal foundation for raaal corapansons Two points 
are significant in connection with this emphasis on finger prints Twin 
studies indicate that finger patterns may be more rigidly controlled 
genetically than dermatoglyphics of other regions (Chaps 12 and 13) 
There is a degree of correlation m pattern expressions of different regions — 
fingers and palms, fingers and toes palms and soles (Chap ii), to that 
degree, therefore, trends of palmar, plantar and toe configurations would 
only reinforce conclusions drawn from analysis of finger patterns 

A rough measure of interraaal variability m different dermatoglyphic 
regions is obtained from the following analysis Finger patterns, palmar 
mam lines, palmar patterns, and patterns of the distal sole (but not toe 
patterns) are all available from sufficiently diverse populations to provide 
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for the desired calculation European-Amencans, Germans (or Italians 
m the instance of finger patterns and plantar patterns), New Mexicans 
of Spanish descent (available m two samples, one of which shows signs of 
Indian admixture), Jews, Eslumos, North Amencan Indians, Indians of 
Mexico and Middle Amenca, Chinese, Japanese, GUyaks, Oroks, Siamese 
(for soles alone) Negroes (East African Negroes for fingers and Libenan 
Negroes for other features) Values for finger and plantar patterns arc 
calculated from indices of pattern intensity, palmar patterns from percent 
frequenaes, and palmar main lines from main hne indices In the case of 
palmar patterns calculations are made not only for all configurational 
areas collectively (average of the percent frequenaes of patterns in the 
five areas) but also for the individual configurational areas, the same 
procedure is followed for patterns of the distal sole, where four configura 
tional areas are analyzed In each deternunation, e g , pattern intensities 
of finger prints or mainline indices, the eleven values are averaged 
Deviations from this mean are then averaged, and the result stated as the 
average deviation finger prints, 6 4%, palmar main hnes, 7 8%, palmar 
patterns (collectively), 105%, plantar patterns (collectively), 186%. 
Higher deviations indicate greater vanabibty among these raaal groups 
It IS to be noted that unlike technical methods are applied in different 
dermaloglyphic regions Such teebmea) ushkeness, lor example between 
the statement of total pattern intensity for finger prints and the evaluation 
of palmar patterns m terms of percent frequency, might introduce dis 
crepanaes m the weights of the different regions The fact remains, how 
ever, that the technical methods applied in obtaimng these results are the 
same methods which are to be rehed upon m raoal comparisons 

Two factors must be considered id interpretation of the data just pre 
seated (a) It is impossible in this roatenal to discriminate between 
phenotypic variation and genetic variation Twin studies disclose a similar 
order of increasing phenotypic variation m the several regions, and inter 
racial variation is m all likelihood equally subject to phenotypic influ 
ences (b) Whether the vanants are genetic or phenotypic in ongin, mass- 
ing of the five palmar, or the four plantar, configurational areas obviously 
obscures the distinctions of individual anas The numencal values for 
average devutions (Table 46) must inevitably be lower for the several 
configurational areas collectively than for any single area In general 
vanations of these values are related, inversely to some degree, with 
pattern frequenaes in the individual areas 

Not all the analytic methods appbcable in any one region are used in 
the vanous samples Pattern type determinations in finger prints are 
uniformly available, but ndge counts, measurements of pattern form and 
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Similarly speaahzed analyses are made so infrequently that attention 
IS here almost confined to total {requenaes of pattern type Consideration 
of even these data in detail would require an inordinate amount of tabular 
or graphic records 


TABLE 46 

Average Deviation's auovo Races or fmcrt , Occuxrences iw the Palm ako Sole 


Area 

Palm 

Sole 

HypoUienir 

39 S^c 


Thenar/Interdigital 1* I 

49 7 1 

13 3‘~c 

InterdigiUl II 1 

S8 3 1 

<5 8 

Interdigital III 

33 1 

n 5 

Inierd gital IV 

17 6 , 

S4 3 


* HallucAl in sole 


All dermatoglyphic traits embodied m racial comparisons are deter 
mined by objective methods Standard definitions prescribe that a finger 
pnnt IS to be interpreted as a loop, a whorl or an arch, that a palmar or 
plantar configurational area is of a specific configurational type and that a 
palmar mam line courses in a particular manner There is common under 
standing in the use of such methods because both the methods and the 
features to which they are applied can be preasely described 

It IS possible that racial differences occur also in features for which a 
descriptive technique has not been devised This possibility tvas recognieed 
by Galton, though with his diaraclcristic caution he mates no final 
pronouncement on the question After pointing out that fingerprint 
patterns of Negroes are not definably different from those of the other 
races examined, he continues 

Still, whether it be from purefamy on my part, or from the way m 
which they were printed, or from some real peculiarity, the general 
aspect of the Negro print strikes me as characteristic The width of the 
ridges Seems more uniform, their mtervals more regular and their 
courses more parallel than with us In short, they gi\e an idea of 
greater simpliaty, due to causes that I have not j et succeeded m sub 
nutting to the test of measuTcmcnt 
The same erpenence is indicated in a comment by Bridges (46) 

There is little doubt that skm patterns do display some general race 
characteristics, especially in pure-blooded groups of little mterminglmg 
This is notably true of Negroes and Orientals whose patterns are com 
monly distinctiNe enough to be recognized in an) accumulation of 
miscellaneous prints With funihanty, the skilled technician finds it 
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possible to discriminate, although the aptitude is more easily acquired 
than described 

In our own contacts with comparative raaal matenal we have sensed at 
times that there are some trends of variation which elude objective treat 
ment For instance, while examining the dermatoglj’phics of a senes of 
Eskimos we w ere impressed by pecuhanties of the balJucal area of the sole 

Open fields present a singular high frequency (*3%! A further 

point, which can be appreciated only by examination of the prmts 
themselves and comparison with other senes is the frequent weak and 
irregular expression of the type forms of patterns especially the form 
known as yffX^ One who is accustomed to the usual expanse and con 
tour of A IL^j patterns cannot fail to be impressed by the occurrence in 
this collection of many configurations wbich are distinctly atypical, 
often appearing as if they a ere about to be efiaced as true patterns to 
be superseded by open fields This irregularity suggests that the same 
factors conditioning the high frequency of open fields have operated to 
suppress the full development of true patterns (Am J Phj-s Anthro- 
pol , vol i6, pp 41-49, iqjr ) 

Material and Method of Study 
Racial Saufles A raaal sample is composed of a number of persons 
so chosen from a population as to represent fairly the character of the 
population as a whole The composition of the sample by ages of the sub 
jects 18 unimportant inasmuch as dermatoglyphics ate age stable To be 
representative, a sample for analysis of dermatoglyphics must satisfy 
certain requirements 

The sample must be selected at random It is obvious that derma 
toglyphic traits can not be permitted to influence the selection In view 
of known differences among some constitutional types (Chap 16) and the 
possibihty of distinctive trends in others which have not been investigated, 
samples should not be obtained from sources likely to have concentrations 
of particular constitutional types (such as hospitals for the insane and 
penal institutions) 

Sexual composition is important, since the sexes differ in trends of 
variation The most satisfactory sample would contain both sexes, each 
adequately represented in number (ilany samples on record represent 
males alone, or males and females combined in widely unequal numbers^ 
Exclusion of related individuals is particularly important m small 
samples, since introduction of faimbal peculiarities would produce devia 
tions from trends characteristic of the population at large Abel s senes 
of 68 Eskimos of eastern Greenland (265) may be mentioned as an example 
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of possibly distorted statistics attnbutable to familial composition In 
the finger pnnts of this series there is a remarkable inadence of 72 2% 
whorls and 08% arches This result is to be compared with respective 
whorl and arch frequencies of 43 8% and 3 4% m 273 Eskimos from other 
localities (The latter ^ alues arc obtained from three independent samples 
collected in western Greenland St Lawrence Island and Point Barrow 
The three samples differ insigruficantly among themselves the values 
ated being weighted averages of their separately reported frequencies) 
Abel s material comprises several families wnth as many as six seven or 
eight siblings It seems quite possible therefore that this senes is not a 
representative racial sample A high whorl frequency (with attendant 
reduction of arches) in one or more of these families may have vitiated 
the charactenstic raaal trend Accordingly Abel s sample of Eskimos 
as well as the Cummins and Steggerda sample of Dutch (the latter 113 
individuals assembled designedly as a family senes) are here omitted 
from racial comparisons 

Jfany of the recorded samples are from cnminal populations Such 
records consist of relatively enormous numbers but it is questionable 
that the advantage of numbers in these instances compensates for the 
lack of specific information concerning racial ongins (as well as the 
possibility of statistical distortion by concentration of constitutional 
types) Some reported racial samples espeaally those collected among 
generally inaccessible peoples are relatively small Dankmeijer (280) 
excludes from his comparative tables all samples containing less than 200 
persons Such exclusion is not always advisable for there may be available 
a small sample say only 25 100 individuals from a population important 
for racial comparison Use of small samples calls for caution in evaluating 
trends of variation The standard methods of statistics may be used to 
test the significance of results in small senes Small collections may reveal 
charactenstic racial trends as illustrated by several samples of Middle 
American Indians where time after lime the same directions of vanation 
are repeated This is not intended to indicate that a report of the der 
matoglyphics in several individuals (eg Hill on three \eddahs or Abel 
on SIX natives of Tierra del Fuego) would be a significant contribution to 
raaal dermatoglyThics The case might be different if races varied in 
morphological characters but a senes of several persons is patently useless 
for revealing statistical trends 

Ractvl Comparisons 

Figures 145 148 are records of data gathered from published sources 
and adapted for graphic presentation These records for the features 
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selected form an essentially complete survey ol known racial samples A 
few reports, mostly Japanese publications remain inaccessible to us 
Whites European populations exhibit in their finger prints (Fig 145) 
a fairly definite ordenng which conforms to the division into Mediter 
raneans Alpines and Nordics Unfortunately the prease geographic 
origins of the individuals composing many reported samples are not known 
However, it is evident that Nordics ate distinguished b> low pattern 
intensity and Mediterraneans by higher mtenaty Alpines being probably 
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intermediate It is noteworthy that Hindus Arabs Synans (Mitwah) 
and Jews show pattern intensities somewhat higher than those of European 
Mediterraneans Perhaps significant is the level of pattern intensity in the 
Amo a people of problematic relationship in pattern intensity as in some 
other physical traits this population closely resembles White stocks 
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In palmar patterns (Fig 146) there is no opportunity for want of 
material, to examine the possibility of distinctions among Nordics Alpines 
and Mediterraneans It is suggested, however, that European Amencans 
and Germans the only representatives of European Whites differ onl> 
slightly from Hindus Arabs Syrians (Mitwab) Jews and Amo 

With regard to plantar patterns (Fig 147) the matenal is inadequate 
for broad compansons only European Amencans Italians and Jews 
being represented Jews tend to ha\e higher pattern intensity than other 
Whites this applies to finger pnnts most palmar areas and all plantar 
areas 

Palmar main lines (Fig 148) in Whites both European and extra 
European agree in presenting marked transversahty, as indicated in the 
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main line index and m the high proportion of type ii of hne D In this 
item the Amo show a less close relationship to the charactenstics of Whites 
the frequencies of types 12 and 7 being more allied to Yellow browns and 
Blacks 

Yellow browns The general characteristics of kellow brown or 
Mongolian peoples (as contrasted with Whiles) are high pattern intensity 
in fingers (Fig 145) reduction of patterns in palmar hypothenar second 
mterdigital and third mterdigital areas and m Indians of Middle Amenca 
a spectacular rise of thenar/first mterdigital patterns (Fig 146)1 reduced 
pattern intensitj m all four plantar configurational areas of the distal 
sole (Fig 147) , tendency of palmar mam lines toward longitudinal ahgn 
ment, the Eskimo being an exception (Fig 148) 

Blacks Blacks are distinguished by great dispersion with respect to 
pattern intensity of finger pnnts (Fig 145) The samples of typical 
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Negroes present intensities within the range of European Whites Bush- 
men have the lowest pattern intensity 3^01 reported (9 87), and the Efe 
pygmies are but little higher At the other extreme are the South Mela- 
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nestans and the Batwa of West Kivu with extremely high pattern inten- 
sities Palmar hypothenar patterns, though less rare than in Yellow-bron n 
peoples generally, are less frequent than in Whites, while second and fourth 
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interdigital patterns tend to be especially abundant (Fig 146) In the 
plantar configurational areas, espeaally haUucal and interdigital IV, 
pattern intensity is high (Fig 147) Palmar main lines tend toward 
longitudinal alignment a character shared with the Yellow browns 
(Fig 148) 

Ikterpretation op Racial Differznces The ultimate objective 
of raaal comparisons is the tracing of hnes of raaal descent Questions 
at once anse as to whether the resemblances here catalogued indicate 
relationship, and whether differences may be relied upon in traang racial 
denvation The solution of these questions must await more extensive 
investigation but m the meantime it is profitable to review the prospects 
of such applications 

A cruaal problem is to determine the signs which suggest that one 
stock IS more generalized or “pnimtive,” than another Clues to ‘ pnmi 
tiveness” of dermatoglyphics among races are furnished by comparative 
anatomy (Chap g) With regard to finger prints it may be concluded that 
the sequence ukorlloop arch represents successive departures from the 
pnnntive A race presenting a high frequency of whorls thus would be 
mote pnmiUve (disregaidicg bodily traits generally, culture or any other 
criterion that might be used m human clas»&cations) than a stock present 
ing a low frequency of whorls Some human populations are more pnmi 
tive, with regard to finger prints than apes (eg, chimpanzee) Indeed 
other dermatoglyphic regions 10 man also indicate a degree of primitive 
ness suggesting that man stemmed from an ancestral stock more primitive 
than any recent ape having dermatoglyphic traits more closely allied to 
those of monkeys (Chap 9) Even granting the assumption that abun 
dance of whorls is a sign of pnmitiveness, it may not be justified to con 
dude that two races having equally high pattern intensity are on a par 
with regard to raaal genealogy, or that a race presenting lower pattern 
intensity is farther removed m the genealogical tree The factors under 
lying raaal divergence are complex, and it is impossible to assign shares 
to anaentness degree of isolation and other factors which render the 
history of races so insoh-ed The student of dermatoglyphics will not fall 
into the error of presuming that dermatoglyphic features now provide 
ready answers for refractory questions in the history of races particularly 
when he sees that attacks from many quarters have failed to yield a 
completely knit scheme of the affinities of races 

Difficulties in traang raaal affimties are multiplied when dermato- 
glyphic regions other than fingers are considered It is not unwarranted to 
assume that as an indication of primitiireness high pattern mtensity in 
palmar and plantar configurational areas has the same sigmficance as 
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high pattern intensity in fingers The dilemma arising from this view is 
that a population presenting high pattern intensity in fingers may present 
relatively low intensity in palmar and plantar configurations, as in the 
Chinese for example It seems, therefore, that different dermatoglyphic 
regions may have independent courses of speaahzation in raaal evolution 
The situation becomes even more comphcated when the courses of palmar 
mam lines are introduced in raaal comparisons There is reason to think 
that the trend toward longitudinal alignment (indicated in reduced 
frequency of type // and reduced values of the mam bne index) is a 
derived condition, the tendeniy to transverse alignment being more 
primitive As a rule, races having high pattern intensity in fingers exhibit 
the longitudinal or specialized trend m palmar main hnes 

For reasons already stated it is possible that greater rebance m tracing 
racial afiimties may be placed upon finger pnnts Accepting this, the 
Yellow browTis embrace the most primitive stocks, and the most spcaalized 
are certain components of the Blacks and, among Whites the Nordics 
Whites, in general, and typical Negroes may be regarded as representing 
a fulcrum of pattern intensity They show intermediate degrees of intensity, 
being thus neither much speaaUzed nor near the primitive 

Gross geographic trends of pattern intensity are recognizable In 
Africa Asia and the Americas there is a tendency toward progressive 
reduction of pattern intensity from north to south, while m Europe the 
line of reducing pattern intensity is from south to north 

The possibility that ancient lines of dispersion might be reflected in 
dermatoglyphics is suggested by these distributions of finger print types 
Early human migrations have been traced by numerous investigators 
Taylor* emphasizes that early migrations must be considered with the 
idea that the continents are three ‘ peninsular’ offshoots from central 
Asia The three peninsulas are Europe Africa southeast Asia with Aus 
tralasia, and northeast Asia with the Americas Taylor suggests that early 
migrations into the three peninsulas were mainly m the order of accessi 
bility Europe Africa, Australasia and the Americas Significantly, the 
postulated center of distnbution m Asia coinades with recent populations 
charactenzed by high pattern intensity In passing northward in Europe, 
southward in Africa and southward in the Amencas the populations 
exhibit progressively reduced pattern intensity This reduction reaches 
Its maximum m Africa, in the southern extremity (Bushmen) and in the 
central area (pygmies) Next m order of reduction of pattern intensity 
are populations of northern Euri^, e^ieoally the Scandinavian countries 


* Itumaa Biol , vol 13 pp 390-397 >9<t 
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Though in the Americas there is a progression of diminishing pattern 
intensity from north to south, the level of intensity is relatively high, 
this IS suggestive in the hght of the supposition that migrations to the 
Amencas were relatively late 

ISTRARACIAL V ARiABU-iT* E’tprcssion^ of \anability within a single 
race, a race in the most comprehensive sense are conspicuous ^Vhltes 
for example, are divisible into races showing distinctive differences in 
dermatoglyphics as well as other traits Within a single nation say Italy or 
Germany, unlike trends of vanation in dermatogliphics are indications 
of the heterogeneous biological composition of a political region Only 
in German} and Japan have local variations been extensively investi 
gated The German studies are ated to illustrate such local differences 

Abel (267) reports variations in finger pnnts m individuals from 40 
localities in Germany, though his results are presented in incomplete 
form since the account is only preliminary Poll {302) makes an exhaustive 
study of populations from 19 atbittanly divided regions ccrvenng all 
Germany (as of 1937) and Germanic Poland The material comprises 
8041 persons, each of whom is classified according to his birthplace 
(ignonng birthplaces of forebears) The data are analyzed by an elaborate 
method, and to present the full results nould require a lengthy descnption 
of his procedure The populations of major geographic divisions of (}er 
many may be characterized, however, in the simple terms of the descnp* 
live method adopted here Populations of the north and west have 
relatively man} arches and few whorls, while in the south and east there 
are fewer arches and increased whorls Populations of the imddle sections 
present intermediate frequenaes of these pattern types The described 
distribution conforms to the generalization that whorls are found to 
dirmnish m passing northward in Europe It agrees also with the separation 
of the German population into two races, the Nordic and the Alpine on 
the score of other physical traits 

Steiner surveys finger pnnts in 3582 school duldren born and residing 
m the Tettnang distnct He analyzes the nativ e matenal, using the whorl/ 
arch index in correlation with archeological and ju±ciar> historj The 
local senes which yield an index above 2 00 are from communities where 
there are pre Roman relics and where the judiaal sjstem is distinctive 
Oower courts being independent of the upper} The series having indices 
smaller than 2 00 onginate from communities which were settled later, 
commumties lacking pre Roman relics and having the ordinary court 
system It is Steiner s opimon that the localities having independent lower 
courts probably preserve the influence in this respect of pre Germanic 
populations Tliese populations, be beheves, were distinguished by a 
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higher whorl/arch index than that of the Germans who later occupied the 
section As a supplement, Steiner studied a few populations in Ravensburg 
a locality having an historical background not much different from that of 
Tettnang Here he found that senes ongmating from towns with old 
names yield high indices while those from towns with recent names 
jield lower indices Though Steiner’s results ate in need of verification, 
they are suggestive that dermati^lyphics may ha\ e promise for correlation 
with the history of peoples 


Racial Hybrids 

It IS doubtful that any raaal sample, of the sort here considered in 
treating racial variation, is strictly homogeneous, or pure Admixtures 
of unknown kind and degree enter into the makeup of a race There are, 
however, some recent admixtures which invohe groups having contrasting 
characteristics and in which there is opportunity to test the behavior of 
the trends present in the two original races Observations in two hjbnd 
groups are here presented Wliite X Black and W’hite (Spanish) X North 
American Indians 

The study on Blacks Browns and Whites m Jamaica is by Daien 
port and Steggerda The results warrant attention, though the numbers 
of individuals are too small to provide stable values Finger pnnts palmar 
patterns, and palmar mam lines are investigated For finger pnnts there 
are 134 Blacks 313 Browns and 47 Whites, the numbers of subjects avail 
able for the study of palms are c\en smaller Frequencies of whorl and 
arch patterns of fingers form a graded senes. Browns being intermediate 
between Blacks and ^Vhites, the frequenaes of whorls are 30%, 25% 
and 33% for Blacks Browms and Whites respectively The corresponding 
figures for arches are ii% 10% and 7% Calculations of pattern inten 
sities have been made from the data of these authors and are here given 
separately for the sexes For males Blacks 12 01, Browns 11 63, W'hites 
1169, for females Blacks 1176 Browns 1139, WTutes 1:16 These 
data would suggest that there is a blending in the hybnd Browns of the 
trends of Blacks and Whites Such intermediate \alues in Browns occur 
also m pattern frequencies of two palmar areas the hypothenar and fourth 
mterdigital but the other three configurational areas show a different rela 
tionship In Browns there are more thenar/first mterdigital and second 
mterdigital patterns than m Blacks while third mterdigital patterns are 
even less frequent than m the Blacks The frequenaes m these last three 
areas may indicate that in the Browns there is an accentuation rather 
than a leveling of the traits distinctive of the Blacks 
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The same accentuation may be present m the palmar mam lines where 
It will be recalled, typical Negroes differ from WTutes in having more 
longitudinal ahgnments Mam line mditxs calculated from the ongmal 
data are Blacks 8 43 Browns 8 38, Whites 8 52 

The results are not very iHummating, and in evaluatmg them two 
factors must be kept m mind First the samples are too small to yield 
statistically reliable frequencies, second, the Blacks as well as the Browns 
may carrj admixture present in such degree as to vitiate the companson 
This might be illustrated by reference to the mam line index, which in 
Libenan Negroes drops to 7 03, a value in keeping with the typical longi 
tudmality in the Negro while in neither Jamaican Browns nor Blacks 
IS this figure approximated 

Two senes of New Jlexicans of Spanish descent, and three groups of 
Amencan Indians from the same locahty, are reported by Cummins (274) 
The New Mexican samples are no persons from Chamita and 97 from 
Bernalillo The finger pnnts of the Bernalillo senes are representative of 
other senes of Spanish, but in the Chamita sample the high frequency of 
whorls approaches that of the Indians Even the symmetry relations 
as expressed in the dactylodiagrams, agree with the indication that there 
is Indian admixture in the Chamita senes In the Chamita sample of 
Spanish as in Indians, arches and whorls conform to the rule of all pairs 
rather than the pair group rule With regard to frequences of palmar 
hypothenar and thenar/first loterdigital patterns the Chamita sample is 
intermediate between the BemaliUo-Spanish and Indians The third 
interdigital area repeating the trend noted in connection with Negro 
White hybrids, shows a higher pattern frequency than either of the two 
ongmal stocks Palmar mam lines, approaching the trait distinctive of 
Indians are slightly more longitudinal in the Chamita sample than m the 
Bernalillo sample Cunously, and again recalling a situation noted m the 
Jamaican Negro ^Vhlte matenal the Bernalillo senes docs not reach 
the expected high value — perhaps suggesting that there is Indian admix 
ture even here There is no question that the signs of Indian traits m 
the Chamita senes are significant, and it may be of interest to add that 
the localitj furnishing this sample is one figunng m the early Spamsh 
domination when according to histonans interbreeding was frequent 



CONSTITUTION 


C ONSTITUTION comprises all the structural, physiological and 
psychological traits of an individual Constitution is determined in 
part by mhented factors and in part by environment Different traits 
vary m susceptibility to environmental influences Certain ones, blood 
groups for example, are immune to the action of environment For most 
traits the genetic mechanism is not so ngid, and modifications are intro 
duced in the phenotype The effective environment, it must be understood, 
embraces not only agenaes external to the individual but also complexes 
within the body which constitute an intrinsic environment Further, 
the effective environment is not limited to the period after birth For 
some traits it extends into the prenatal penod as far back as the union 
of the spermatozoon and the egg cell which produce the individual, and 
even mdudes action on these sex cells in the parent bodies 

Dermatoglypbics represent a part of the structural constitution 
They are heritable, though prenatal environmental influences maj mask 
or modify the genetically prospective traits (Chap ra) It is highly 
improbable that environmental influences can introduce an> departures 
from the dermatoglyphic genotype after about the middle of intra uterine 
existence (Chap lo) Investigation of constitution in dermatoglypbics 
necessarily confines itself to a consideration of phenotypes — the traits as 
expressed in individuals — without discnminating the determinations of 
the traits by inheritance and their modification by environment 

One aspect of constitution is represented by the raaal charactenstics 
treated in Chapter 15 set apart because of the special nature and bulk of 
the material Indeed, all phases of morphology, asymmetry and the like 
concern constitution The present chapter is devoted to certain more 
speaal aspects of constitution, including sex differences, the unlike trends 
of variation m right banded and left handed persons, and the distinctive 
trends assoaated with certain diseases 

Constitutional trends are revealed only by statistical analysis of 
mass samples, as already illustrated by raaal vanation It is impossible 

t69 
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to recognize the race of an mdividnal m the dermatoglyphics and as a 
parallel, dermatoglyphics m the individua! do not indicate handedness 
sex cnminahty or predisposition to disease It would be unexpected if 
any of these non dermatoglyphic constitutional traits were invanably 
registered m the dermatoglyphics This would depend on a much more 
consistent correlation in individuals than any jet demonstrated In 
pnnaple all constitutional trends are comparable to the raaal distinctions 
discussed in the prei.nous chapter Even if it is true that a relativelj small 
proportion of individuals conform to the direction of variation revealed 
in the mass sample, the existence of this proportion denotes a significant 
deviation Once a correlation between dermatoglyphics and some other 
aspect of constitution is substantiated it becomes clear that the con 
stitutional bond is one dating to the prenatal penod In itself this finding 
does not indicate whether the correlation has a genetic or a non genetic 
basis 

Correlations between dermatoglyphics and certain diseases are to be 
presented The dermatoglj-phic traits concerned are morphological 
vanants, which are in existence from the very first differentiation of 
ndged skin in the fetus There is to be distinguished a quite different 
aspect of disease in its relation to dermatogl>7>hics which mil receive 
only this passing mention We refer to conditions in which the dermato- 
glyphics are directly altered by the disease process The skin of the 
ndged surfaces may show damage resulting from leprosy (36) f om in 
creased deposition of cormfied elements (316) from fungus infection 
excessive sweating (338) and from cutting of nerves to the part (329 
33*) Such structural damage to dermatoglyphics, like scamng of the 
ndged skin, involves pathological alteration of features already formed and 
IS unrelated to the constitutional aspect of dermatoglyphic morphology 

Correlations ■with Body Measurements and Blood Grocps 

Body Measuseuents Collins suggests that there may be a correla 
tion between head form (as measured by cephalic index) and occurrences 
of finger pnnt types His matenal includes 5000 Chinese, 2000 Hindus 
and 5000 Englishmen The Chinese (generally brachj cephalic) have total 
frequenaes of whorls and arches (38 7% and 4 2% respectively) distinct 
from those of his English (dohchocephahc) sample (frequenaes 20 2% 
and 3%) This suggested to Colhns that narrowing of the head is asso- 
aated with reduction of whorls and increase of arches a conclusion 
apparently supported by his companions of brachj cephalic and dolicho- 
cephahc Hindus The brachycephahc Hindus show 36% whorls and 3% 
arches and the dohchocephahc group 30 5% and 4 5% respectivelj 
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It IS probable, however that these mass compansons fail to differen 
tiate all the factors concerned, because exacting statistical analysis does 
not indicate a significant correlation between head form and pattern 
types, 1 e , between cephalic index and the index of pattern intensitj 
Cummins and Steggerda (337) calculate the coeffiaent of correlation 
in 72 Maya Indians as 0059 and in 6r Netherlanders as 0042 — coeiS 
aents so small that correlation is lacking or insignificant (In the same 
material there are no significant correlations of pattern intensity with 
nose form and general body build ) karl likewise finds no correlation 
between pattern types and cephalic index 

Pattern size in the Maya and Dutch material also is apparently 
independent of head form nose form and general body build Pattern 
form as related to the same anthropometric indices yields in this small 
matenal statistically insignificant correlations but with a suggestive 
indication that there may he a slight inverse relationship i e that the 
broader patterns tend to be assoaated with narrow head narrow nose and 
slender body (Table 47) To substantiate this suggestion would require a 
matenal large enough to give rehabibty to the low correlations 


TABLE 47 

Correlations or Pattern Form and Certain Antoropometuc Inoicls 
(Cummim 9ii4 



Maya 

1 Dutch 

Avenge pattern form— Cephal c index 

+ 08 

- rS 9 c8 

Average pattern form — Nasal index 

1 — nj ± e8 

- »0S ± 08 

Average pattern form — Index of body build 

— 08p + 08 

- 198 ± oS 


Blood Groups There is no convincingly demonstrated correlation 
between dermatoglyphics and blood groups Hesch announced such a 
correlation (between whorls and group B and possibly between loops and 
group A), which he claimed to be the first report of correlation of blood 
groups with any physical character Actually he was preceded by Hahne, 
who asserts (from a study of 100 persons) that blood group O is assoaated 
with more loops and less whorls than blood group A The Blote\ogels 
also suggest that there may be correlations but neither their evidence 
nor that of Hesch and Hahne is conclusive Geipcl shows, in a senes of 
381 Germans the absence of significant correlation 

Group B — \Vborls 047 ± 02 

Group Loops — 015 ± 016 

These findings are in agreement with Laris failure to demonstrate a 
correlation between group B and whorb or between group A and loops 
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Sexual Vasution 

Ridge Breadth The first trait likely to suggest itself for corapansoa 
la the sexes is ndge breadth laasmucli as females generally have smaller 
bodies than males it might be expected that their ndges would be nar 
rower — and they are In young adult males (24) the mean number of 
ndges per centimeter (considenng all apical patterns and palmar areas 
together) is ao 7, a value to be compared with 23 4 in young adult females 
(30) Ridges m the female are significantly finer, since on the average 


% 



Ridges oer centimeter 

Fio 149 —Prequency diftnbut oos of f«dee cotiDM per tentoneter (uversee of »3l finger* usd 
palmar areu) compared la the »eae* 

there are 2 7 ± 09 more ndges to the centimeter than in the male This 
sexual difference, of course, expresses itself only m the general trend, with 
which individual cases may or may not agree (Fig 149) The distinction 
iS correlated with the tendeiwy toward smaller hand sue in the female 
but it IS also partly independent of band size, since ndges tend to be nar 
rower m females even when under companson with males having the same 
hand lengths It may be conduded therefore, that the conditioning of 
differential ndge breadth in the sexes involves both a direct genetic 
mechanism and an indirect one, through loose correlation of ndge breadth 
and body size 

Fivcer print Types Among vanous raaal samples (Table 48) 
females almost universally differ from males m having more arches and 
usually they differ also in beanng fewer whorls The arch/whorl index of 
Dafikmeijer is almost without exception higher in females Radial loops 




There are indications in some races that the usual sexual distinction 
may be leveled or even inverted However these exceptions to rule 
noted in some raaal samples may be due to inadequacy of numbers, 
differences of method in classifying pattern types or lack of homogeneity 
of race in the compared samples Since sex is but one aspect of con 
stitution, a fully dependable comparison of the sexes can be achie>ed 
only if the samples are homogeneous in all respects except sex This 
would require racial punty and consistence m all other phases of con 
stitution an idea! which may not lie attainable 

The crude result obtained by deabng with total pattern type fre 
quenaes and arch/whorl indices is substantiated by more refined methods 
of analysis including the manuar, ambimanuar (348) and dactylodiagram 
(356) Analysis of individual fingers is of further interest m sexual com 
panson, srnce the contrasts are more drsortiraoatri'e 

Pattern tj’pe frequencies in toes differ m the sexes in the same direc 
tions as those of fingers (119) Asmfingers, whorls are more abundant and 
arches less frequent in toes of males than in toes of females 

Females generally present less btnmnual difference than males The 
level of this difference may be first exemplified by the values in Piebenga s 
comparison of 400 males and 400 females (*99) In that senes the sum of 
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the differences of frequenaes on nght and left hands of the four pattern 
types (arches, radial loops, ulnar loops and whorls) is 5 3% m females 
153% m males The corresponding values in Henckels (288) much 
larger senes are 70% and 150% Another mamfestation of symmetry 
which may differ in the sexes is conformity and non conformity to the 
pair group rule 

Palmar Covtiguratioss The frequencies of patterns in the five con 
figurational areas of the palm are unequal in the sexes like frequencies of 
whorls and arches on fingers and toes In WTute stocks (four senes 86 
333 and tv.o unpubhshed senes Germans and German Jews) females 
present consistently larger frequenaes of hypothenar and fourth inter 
digital patterns and lesser frequenaes m the remaining palmar areas 
(thenar/interdigital I, intcrdigitals II and III) In the palmar features 
as in finger pnnts, females present a lessened degree of bimanual asym 
metry This distinction extends to pattern frequenaes and to such dimen 
sions as distances between palmar tnradii (86) and bimanual inequality 
in abgnment of palmar main hues (336) 

Hanhedsxss 

Investigations which attempt to correlate dermatoglyphics with nght 
handedness and left handedness face many difficulties As in other con 
stitutional studies, samples would be ideal only if they were umform in all 
respects except the trait which is to be studied in correlation with derma 
toglyphics It is fortunate, since there ar^ sex differences in dermato 
glyphics that the sexual composition of the samples can be absolutely 
controlled Racial composition is not so readily standardized The racial 
differences detailed in Chapter 15 indicate that a study of handedness 
might be senously vitiated if the samples of right handed and left handed 
subjects were not from a common raaal source 

Classifying the subjects as to handedness presents a major difficulty 
Handedness is expressed vanably in its degree of fixation and the dassi 
fication must be founded on adequate tests These tests should be rehable 
indicators of handedness and should differentiate the degrees of fixation 
The compared samples should be composed of individuals old enough to 
exhibit defimtive functional handedness If a correlation between dermato 
glyphics and handedness is demonstrable at all subjects with most extreme 
left handedness and nght handedness would be presumably the most 
promising 

No investigator has worked with matenal selected as rigorously as the 
ideal demands and it is not surprising that the distinctions between hand- 
edness groups reported by several authors are at some points inconsistent 
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With the appearance of the studies by Rife (357) and by Cromwell 
and Rife, unlike trends in the dennatogl3rphics of left handed and right 
handed persons may be accepted as established These authors report on 
the largest material yet assembled by any investigator The material for 
the latter study includes 300 right handed males, 300 right handed females, 
430 left handed males and 323 left handed females Handedness was 
diagnosed by the following ununanual operations writing throwing, 
sewing, hammering, sawing, shooting marbles use of kmfe, bowling, use 
of sassors and spoon When all these acts were performed with the nght 
hand the subject was classed as nght handed and if the left hand was 
used in one or more 0! them, the subject was assigned to the left handed 
group The findings of particular interest are (a) Increase of patterns in 
the third interdigital area in left hands of left handed subjects of both 
sexes, this conforms to the results of all other investigators of the problem, 
(b) Increased frequency of thenar/first interdigital patterns in both hands 
of left handed females, (c) Lessened frequency of patterns in the fourth 
interdigital area of left hands of left handed females Cromwell and Rife 
restate the compansons m another form, this time m the light of bimanual 
differences of pattern frequency (or in fingers in the frequency of whorls 
as compared with other patterns) There are five areas characterized by 
large bimanual difference The nng finger with its large excess of whorls 
on the nght hand, is like the second and third interdigital areas in the 
palm, where patterns occur more frequently in nght hands Left hands 
have greater pattern {rcqueR<^s id the tbenar/first interdigital and fourth 
interdigital areas For each of these five configurational areas, Cromwell 
and Rife refer to the hand w hich carries the larger frequency as ‘ superior " 
and to the hand having the smaller pattern frequency as ‘ mfenor ” 
In each of the five areas the inferior hands of left banded females present 
increase of pattern frequency Also, in left handed males the inferior 
hands show increase of pattern frequencj except in the fourth inter 
digital area where the value remains as in right handers In the left 
handed groups there is a slight lessening of bimanual difference m pattern 
frequencies Cummins (335) demonstrates such a decrease in bilateral 
asymmetry of fingers m left banded males and an increase m bilateral 
asymmetry m left handed females the net effect being as m the palmar 
features a leveling of the “normal ’ sex distinction in bilateral asj mmetr> 

CONSTITCTIOS ANT> DISEASE 

Constitutional groups separated by ra<x, by sex and by handedness 
are defined in accord with what maybe termed normal variants of human 
beings This section is concerned with subjects who are afflicted with 
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certain diseases The central question here is whether persons so afflicted 
are distinguished from the non-diseased by characteristics of the dennato 
gl^Tihics If such distinctions eiist they are of the utmost moment in 
analysis of the constitution o£ disease, because they demonstrate that 
susceptibility to the disease like the distinctions in dermatoglyphics 
with which it IS correlated, is inborn 

This aspect of investigation attracted early attention Some studies 
were made m the latter part of the nineteenth and beginmng of the 
twentieth centuries at the time when finger prints received wide notice 
through their introduction for personal identification D Abundo de 
scribes the finger pnnts of imbeciles and idiots as being similar to those of 
monkeys, pointing out that inonomorphic hands are frequent Forgeot 
de Sanctis and Toscano, F^re, and CevidalU examined finger prints m 
idiots imbeales and psychopaths of various types, claiming distinctive 
statistical trends As pointed out by Mjffler, these pioneer workers were 
handicapped by inadequate methods Furtbennore, peculiarities of 
classification and lack of proper control make it difficult to evaluate some 
of the reported findings This account is accordingly himted to the more 
recent investigations 

NEUROFiBROUATOSts Tfus IS a hentable disease cbaractenzed by the 
formation of multiple tumors of nerves Blotevogel examines finger 
pnnts (as well as blood groups and body dimensions) in 30 case^* 15 of 
each sex The bimanuars show no departure from distnbution of pattens 
m the normal population It is cunous that the author, having only 30 
subjects, considers it probable that a larger material would not disclose 
distinctive trends The finding of interest is the frequent occurrence of 
central pockets Thirteen of the 37 patients finger printed present one or 
more central pockets which are confined to the httle fingers of both hands 
and the left nng finger TCtb 48% of individuals beanng such patterns, 
as contrasted with 6% m his normal senes, and with the surpnsing fre 
quency on digit V (compare Table i), it is evident that an aberrant finger 
pnnt trend distinguishes this group 

Psoriasis One hundred patients presenting this hentable skin disease 
are investigated by Kneger, and compared with normals from the same 
raaal stock Palmar patterns as well as finger pnnts are considered The 
following distinctions aie lepoited in the psonasis group more frequent 
whorls on digit IV (50% and 41% for nght and left respectively as 
compared with 46% and 38 5% in the control matenal), more frequent 
patterns in the fourth interdigital area of the left palm {38% and 479v 
for nght and left as compared with 38% and 39% m the control) Other 
distinctions, espeaally in symmetry relations, are noted, but it is doubtful 
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whether any of the claimed distinctions are significant, the matenal is 
small and there is no separation of data for the sexes 

Schizophrenia This is a mental disease in which manifestations of 
spht personality are prominent The first comprehensive study of dermat 
oglyphics in patients presenting this condition is by Poll who analyzes 
finger pnnts of 232 males and 545 females companng them with normals 
of the same raaal stock (Germans Berlin) The analytical method mainly 
utilized IS the dactylodiagram, though even the total frequenaes of whorls 
and arches indicate a tendency to leveling of the normal sex difference 
each sex showing either decrease or increase toward the value of the other 
(Table 49) The dactylodiagram for males exhibits a shifting to the left 
and above, brought about by the decrease of whorls and mcrease of arches 


TABLE 49 

FieqCEVCIES of WhQSLS ANT) AsCKES in TeSEE InDEPCKDENT SeUES or ScnUOPHBENICS 
CoiDAlTO "KWH COVTEOIS F*05l THE GCHEaXL POPOLATIOTS 



Cemans (Poll) 

East Prus- 
aiaos* <Duis) 

Daces (M^er) 


Control 

Sehizo- 

phrerucs 

Scbizo 

pbteucs 

Control 

Schiao 

phreoics 


(845) 

(776) 

{S3») 

1 (345) 

(416) 

(356) 

1 (86654) 

(•4857) 

(450) 

(583) 



F« 


F« 


Fe- 




Fe 


hfile 

male . 

Mile 

male 

Male 

male 

Male 

Female 

Male 

male 

Whorls 

S 3 6% 

26 8fJ 

28 s 9 o 

28 1% 

JO 3 % 

29 6% 

29 t% 

*5 3 % 

27 

26 2% 

Arches 

4 3 

7 « 1 

S 7 


i » 

1 ’ ® 


1 ’’ ^ 

1 ^ 

8 2 


*Thc geneaology of all these subjects was traced at least as far as through their grand 
partDts and East Prussian ongin of each geoeration was established In the absence of a 
control it should be explained that the b gber whorl frequenaes as compared w th Poll s 
material are the expected associate of more frequent whorls in the general population of 
this territory 

These results are antiapated in the earher study by Blumel and Poll 
Here the bimanuar serves as the chief analytical method and the material 
differs in that various psychoses including schizophrema are combined 
Miller (353) confirms Poll s observations His findings m schizophrenic 
Danes (Table 49) are closely parallel to the findings by Poll in schizo 
phrenic Germans Mjfller observes that the schizophrenic Danes and 
Germans retain the racial contrasts which distingmsh normal Danes and 
normal Germans There is accordingly no universal schizophrenic type 
but rather a schizophremc type confined within the limits of the racial 
variants 
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Duis investigates a scluaophremc matenal numbenng 416 males and 
356 females (East Prussians) He claims that the sex difference is the same 
as in the normal population an assertion hardly reconalable with his 
own record (Table 49) of practically equal frequenaes of whorls m males 
and females 30 2 % and 29 6% respectively (with arches 5 2 % m males 
and 7 8% m females) Inconsistently he regards the schiaophremcs 
as shonmg no speaal distinction in total frequencies of patterns in the 
face of data which agree with PoU and Mfllier 

Epilepsy Brown and Paskind compare the finger pnnts in 146 
mentally detenorated epileptic patients with 1 15 non-detenorated 
epileptics Earher studies by the same authors reveal anthropometric 
and other evidences of a constitutional distinction between these two 
epileptic tj^pes Arches are increased in the deteriorated group and the 
sex difference is lessened (detenorated males 97% females 109% 
non-detenorated 2 3% and 7 2 %) The detenorated patients show fewer 
whorls than the non-detenorated The detenorated group shows a sig 
mffcantly smaller quantitative value than the non-detenorated This 
reduction is not merely the assoaate of increased frequency of arches 
since the separately compared values of loops and whorls indicate an 
actual difference of pattern siae m the two groups The detenorated group 
presents a larger frequency of anomabes of ndge construction including 
defects similar to those shown m figure 129 

FEEBLE-snNDEPVEss Bonnevte (322) compares the finger pnnts in a 
Vnes of 53S feeble minded children with 300 mentally nonnal children 
The mteUigence quotients of all these subjects had been determined by 
the Stanford revision of the Binet Simon test The quotients of the 
feeble minded group are mainly clustered in the range 55 70 and the 
normals in the range 80-100 

There is no correlation (001 ± between mteUigence quotients 
and quantitative values though when the quantitative values are ar 
ranged in curves of distnbution it appears that the feeble minded ma> 
have a greater number of large patterns The feeble minded show more 
variability of quantitative values among the ten digits m individuab 
Composites appear m larger numbers m the feeble-minded and they are 
more evenly distnbuted among the digits than in normals Poll also 
investigates the feeble minded companng 124 such subjects with 972 
normal persons reporting that the number of individuals lacking whorls 
IS greater m the feeble minded 

lUBECTLiTY AND Idiocv Mffllcr (354) mates a study of 282 male 
imbeales excluding from his matenal cases with infenor mentalitj 
acquired through birth injury or other extnnsic causes A normal senes 
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of 2000 males of the same raaal stodt is his control Few dermatoglyphic 
differences are found and they are not statistically significant In irabeales 
the greatest difference is reduction of whorls on the right index and nng 
fingers In the two groups the ummanuars of the left hands are nearly 
identical, though m right bands the unimanuars indicate a reduction of 
whorls 

Mongoloid idiots present outstanding distinctions m finger prints and 
palmar configurations Studies on two independent senes, by Cummins 
(334) and by Workman, agree in all essential respects Palmar hypothenar 
patterns are nearly twice as abundant as in the normal and they are 
distinctive in the large representation of expanded patterns (such as L'^ 
and L‘) and arches (A*) associated with an axial triradius located centrally 
in the palm (l") Thenar/first interdigital patterns are reduced in number, 
size and complexity Second and third interdigital patterns are more 
frequent than in normals, and fourth interdigital patterns are less frequent 
Transverse coursing of palmar mam lines is accentuated (the mam hne 
index being unprecedentedly high 11 ri) and bimanual asymmetry of 
ndge direction much reduced In finger pnnts whorl frequency 15 reduced 
(19 8% in the Cummins senes of 54 cases) the compensation for this 
reduction being hmited to increase of ulnar loops Radial loops shift their 
maximum frequency from the normal position on digit 11 to digits IV 
and V 

The pecuhar conformation of the hand m mongoloid idiots is cer 
tainly a developmental assoaate of vanants m the dermatoglyphics 
Perhaps some of the distinctions in the palmar dermatoglyphics ate 
correlated speafically with the presence of the simian line, a modified 
distal transverse fiexion crease coursing continuously from radial to ulnar 
margins of the palm The simian line, occasional in normal persons, 
occurs quite frequently m mongoloid idiots (316) 

Poliomyelitis Pohomyelitis or infantile paralysis is produced 
by a virus which affects nerve cells in the spinal cord and brain The 
senes of 285 cases studied by the BlolcvogeU consists only of patients 
presenting serious crippling as a result of this disease It may be assumed 
that the senes represents an extreme accentuation of predispoMtion 
and that, if structural constitutional signs of this predisposition occur, 
the signs would appear in a senes so selected The normal control, from 
the same racial stock, is mainly the matenal of Kircbmair In diseased 
males whorls are increased and arches diminished Diseased females also 
show an increase of whorls and at the same time there is an increase of 
arches, so that loops are reduced in frequency The number of males having 
ten loop combinations is 5% greater than in the normal The normal 
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digerence m pattern type distribution m nght and left hands is absent 
Kirchmair (349). working with 288 cases of infantile paralysis and using 
his ambvmanuai method confirms this finding of lessened asymmetry 
The sex digerence in quantities of whorls and arches persists, though 
deviated from the normal There are no distinctive frequencies of rare 
patterns (such as the central pockets noted in neurofibromatosis) 

Criminauty and Degeneracy 
Ascarelli analyzes the finger pnnts of 100 prostitutes, whom he 
as a type of degenerates Radial loops arc increased especially in the 
bttle finger There is a higher frequenq^ of what he terms pnmitivc 
patterns, forms similar to patterns of some non human pnmates (10 7% 
vs 6 2% m 200 women not classed as prostitutes) Mutrux Bomoz 
insists that increased occurrence of such “pnrmtive patterns, of the 
palm as well as fingers, charactenzes cnminals also 

The most extensive and recent study is that of Bugge and Poll, devoted 
to an examination of 20^6 Danish cnminals (ofienses rape, immoral 
conduct, homosexuality) and 4000 German criminals (murderers, burglars, 
thieves, etc) The Danish sex ogenders present feaer whorls than non 
cnimnal Danes, though this digerence is not statistically significant 
The Germans present the same contrast between cnminals rnd non 
cnminals, and the digerence is here significant Shifting of the dactylo 
diagram to the left (as a result of deaeased whorls) is evident both in 
Danes and in Germans as compared with the non cnimnal controls 
The bimanuars display significant digerences, showing concentrations of 
frequenaes in the fields of O whorls There ate no distinctions of sym 
metry between cnmmal and non cnmmal groups in either Danes or 
Germans 

It will be recalled (Chap 10) that Abel observes defects of ndge forma 
tion (Figs 1 29-130) m some ciumnals, and in the noa-cnmmal population 
only in association with imbeabty, insamty and the like 

Character and Temperament 

In its broadest scope, dactylomancy (Chap i) extends to the reading 

To the extent that dactylomancy concerns itself with a search for 
signs of constitutional makeup it merits attention as genuine scientific 
inquiry As an object of insestigation, this is not so far fetched as it maj 
seem to be at first thought Since fienon creases (341) and dermato 
glyphics vary m other constitutional expressions, a correlation between 
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dermatoglyphics and the character-temperament constitution may be 
ultimately demonstrated 

Takashima (quoted from Kubo, 296) gives an account of Japanese 
folk dactylomancy, claiming the following attnbutes of pattern types 

The whorl signifies dexterity in handicrafts and is also a sign of 
stubbornness 

The composite is a sign of a liar, a faithless and unreliable character 

The loop mdicates lack of perseverance 

The arch denotes a merciless crude character 

In making the reading of a male the fingers of the left band are chosen, 
and of a female, the fingers of the right band Attention is paid to the 
finger or fingers bearing whorls, and the combinations are made into a 
code for reading character and temperament and for prediction of the 
future 

Kojima (quoted from Kubo) claims to have examined the finger 
prints of 200,000 criminals and to have evaluated character and tempera- 
ment for correlation nnth the pnnts His general conclusions are 

A person Mith ulnar loops on all fingers is clear spirited, mild 
mannered, strong willed, perhaps melancholy, and is likely to be cool 
in judgment and ruthless in business dealings 

A person hai mg whorls on all fingers is restless, vacillating doubt 
ing, sensitive, clever, eager for action and inclined to crune 

A mixture of loops and whorls signifies a neutral character, a person 
who IS kind, obedient, truthful, but often undecided and impatient 
Arches or radial loops occur on persons who are ambitious, cold 
blooded stubborn, disobedient, defiant and rebellious 

Present information on the association of dermatoglyphics with 
character and temperament is a mixture of folk lore and questionable 
deductions lacking saentific control It is difficult enough to evaluate 
character and temperament with the aid of truly saentific methods 
This phase of constitution is mentioned pnmanly to indicate that an 
interesting field of investigation remains to be explored 



SUPPLEMENT 


IDENTIFICATION IN ACTION 


T he term 'personal idenlificition applies to all the various means of 
establishing the identity of an individual, showing either that he is or is 
not the person in question In everyday life, this is a simple matter of sight 
recognition (or nonrecognition) Sight recognition is notoriously fallible, and 
everyone has had the experience of mislahing one person lor another In some 
situations such a mistake ts of lilite consequence, but there are many arcum 
stances in which an error cannot be tolerated even a human life may depend 
upion the identi&cation 

Difficulties are compounded when the person to be identified and the 
necessary records are in different places Though a desniption and photographs 
of the mdividual are helpful, there is a degree of possible error Uliat is desired 
IS a foolproof and mechanically simple procedure that provides for identification 
on a scale involving hundreds, or thousands, or millions of individuals wherever 
they may be Ftngerpnnl identification, which meets these requirements, is now 
in virtual world wide use 

An example contrasting the results of three diRerent approaches in personal 
identification may serve to show the shortcomings of sight recognition and of the 
BertilloD method (based pnncipally on body measurements) which was super 
seded long ago by fingerprint identification The example goes back to 1903, a 
time when fingerprint identification was first gaming its merited acceptance as 
a positive method The scene was the federal pnson at Leavenworth, Kansas, 
and the pnnnpals were two Ivegroes, Wlltiam West and Will West Wilhara bad 
been confined, two years before, wi a life sentence for murder Will, a new 
prisoner, was brought to the record office tor photographs and BertiUon measure 
ments The clerk ‘ recognixed WiU and remarked that he had been there before 
^Vhen Will stoutly denied this, the clerk fwoceeded with the regulation Bertillon 
measurements, then went to the file and secured the card indicated by the 
collective measurements The photograph pasted on the card was shown to Will, 
who “recognized ’ it as his own picture and was puzzled as to bow it could have 
been obtained But the card, de^ite the oirtespondence in features and m body 
aSa 
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measurements, was that of WUliana, whose presence m the mstitution was 
enough to prove that Will was not be Both sight recognition and body measure 
meats had (ailed to distinguish these two tnen, who by strange coincidence had 
virtually the same name and careers that led to imprisonment But the com* 
cidence ended at once with examination of their fingerprints Their finger 
patterns differed materially and even a small part of one prmt was suffiaent to 
show distmctiveness 

Fingerprints A ever Z.ie is the title of the autobiography of Fred CherriU, 
long time member of the Fingerprint Bureau of New Scotland Yard and its 
chief superintendent for many years preceding his retirement in 1953 Mr 
Cbernll is right fingerpiinls tell the truth But they can do so only m their own 
language, and one cannot hope to understand how they reveal truth without 
having some acquamtance with this unique language 

Fingerprints have special virtues as means of personal identification (1) 
Their features are permanent, unchanged through the lifetime of the individual 
and persisting after death until the skin disintegrates (2 ) The finer characteristics 
(minutiae of single ridges) are so highly variable that one print or even a portion 
of It IS unique Each person and each finger, therefore has an absolute individual 
ity, an assemblage 0 ! characteristics that has no match (3) The major features 
lend themselves to classification Classification, which may be extended to 
progressively subordinate ranks in accord with the demands of a large file, 
provides for ready searching When a fingerprint card has been classified, the 
prints filed under its class must be inspected to determine whether the person in 
question IS represented if he is the earlier card provides information concerning 
the person and establishes his identification even if the name is falsified (4) 
Although suitable precautions must be taken m fingerpnnting to ensure that the 
prints are complete and clearly registered the process of recording is simple 
Furthermore, the prints are actual impressions of the fingers themselves, hence 
they are not liable to the human errors that may be introduced in various 
other forms of record (5) Finally fingers come into contact with objects and 
leave their impressions in cnminal investigation these chance prints supply 
evidence 

Some of the prinaples of fingerprint variation are explained m Chapter 4, 
and Chapter 8 presents an elementary outline of how fingerprints are used in 
identification However, it is desirable to review some of this material for 
emphasis on working principles 

Fingerprints Defined 

Even without magnification, one can see fine, closely spaced ridges on the 
skin of the grasping surface of the fingers (including the thumbs, which are 
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‘ fingers” m the sense of fingerpnnt identification) These ridges are aJigned 
m systems of patterning The terminal segments of the fingers bear the patterns 
that are routinely used, when registered as prints, in individual identification 
However, any area characterized by similarly corrugated skin would be adequate 
for establishing an identification — the other segments of the fingers the palms, 
toes and soles Although this chapter is mamly concerned with fingerprints 
It should be understood that with the exception of descriptions of specific pattern 
types the pnnciples apply to all areas of ridged skin 

A fingerprint is an impr^sicm made by contact of the ridged skin Such an 
impression might he a solid smudge useless for identification, but under optimum 
conditions (as when pnnts are made for purposes of record or when a chance 
contact is favorable) the print is comparable to printing from metal type or a 
rubber stamp Like the elevated type faces, the summits of the ridges come 
into contact with the ink and all their details are faithfully registered in prints 
From the standpoint of their common use in identification, fingerprints are of 
two classes record prmts and chance prints 

Kecord pnnts are those made for an identification file, or fot a search to 
determine whether the person has a previously filed fingerprint record, or for 
comparison with chance prints discovered at the scene of crime Record pnnts, 
as distinguished from chance pnnts, are recorded with purpose and with attention 
to their clear decipherability These prmts, registered on white cards, are made 
with an ink similar to ordinary printer’s ink 

The usual form of fingerpnnt card (Fig 41) has assigned spaces for the 
two sets of prints, and space for various entries including the classification of the 
fingerpnnt characteristics that denotes the place of the card in the file The first 
set of ten prmts (upper part of the card) consists of “rolled impressions, 
which extend part way along tbe sides of the digits and thus ensure registration 
of the complete patterns The other set contains ‘plain or ‘ dab impressions 
made by contact of the inked digits without any rolling 

The basic types of patterns are whorls, loops and arches (Fig 29,) but 
mtergrading forms occur (Fig 48), and there are occasional extreme deviations 
from these types In Caucasian peoples, about two thirds of all patterns are 
loops, of which the large majonty (ulnar loops) have their open ends directed 
tAwacd. W.'Jh. whila. the otbets. Ccadial loops) open tbumbward 

Identification practice makes use of two variables within the same pattern type, 
namely counts of ridges and ridge tiaang Counting the number of ridges 
included in a pattern affords a convenient means of subclassifying the one pattern 
type, this IS espeaally useful for loops If one examines a large series of ulnar 
loops he will see that they vary widely in s«e, size being determmed by the 
number of ndges composing the pattern The count of ndges along a prescribed 
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line (Fig S3) thus makes it possible to describe an ulnar loop more speafically 
In whorls, tracings of ridges originating from prescribed points (as illustrated m 
Fig 48, examples 2-8) are of similar value in providing for subdassification of 
patterns belonging to this type Classification is a prime essential because finger* 
print cards must be filed m a systematic maiinec providing for the ready location 
of cards that are to be compared with the card of the individual whose identity 
IS under search (see pp 14S-147) The magnitude of the search and the needed 
refinement of classification vary with the size of the identification file, which 
might range from perhaps a few hundreds of cards up to enormous prc^rtions 
The active files of the Federal Bureau of Investigation contained (as of July I, 
1960) 36,333, 1S3 fingeipnnt cards of criminals and 119,785,546 cards of non- 
criminals (These figures arc available through the courtesy of J Edgar Hoover ) 
The files of certain agencies, notably the Federal Bureau of Investigation and 
the Department of Correction of the State of New York, are so enormous that 
machine searching has been adopted With this method, of course, the pertinent 
data must be punched on IBM cards and handled in the sorting machine for the 
initial phase of the search Regardless of the sue of the file, the search for a 
record corresponding to that of a card at hand involves direct visual comparison 
with the several or many cards falling under the same classification In such 
inspection differing general characters of pattern configuration are clearly rec> 
ognizable to the expert though an untrained person might regard two or more 
compared patterns as identical More detailed exammation, with a magnification 
of several times, reveals many fine details of individual ridges (minutiae, or 
ridge characteristics — see Figs 28 and 98) Two patterns of the same type, ulnar 
loops for example may agree exactly in their over all configuration and in ridge 
count but comparison of even small corresponduig areas in the prints im- 
mediately discloses striking difierences in these details 

Up to this point references to identification files concern fingerprint cards 
carrying impressions of all ten fingers of individuals (with special provisions for 
classifying cases in which digits are missing or unprintable or in which malfor- 
mations occur) Some identification offices have files of single finger prints, in 
addition to the ten finger cards In this situation the ten prints of an individual 
might be widely separated in the file because each is separately classified, using 
leatures common to fhe ten linger system supplemeritefl'oy co&ing dl such fieiafis 
as the minutiae of single ridges A file of this sort is designed to expedite the 
search for identification of single prints discovered at the scene of crime 

Thousands upon thousands of lingerpnnt identifications are made daily 
over the world The cases at issue, eadi onginatmg with a fingerprint card 
referred for searching, involve vaned elements of the pi^olalion criminals and 
noncriminals, employees in certain occupations where national security must be 
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safeguarded, personnel of the armed forces, the unidentified dead, etc A few 
abbreviated bislones of actual cases will be presented to Dlustrate this variety 
and the procedure of the identificatioD 

Identification fbosi Ten-Finceb Records 

One G C was under a four year sentence for obtaining money under false 
pretenses He was confined, in 1916, in the Oklahoma Stale Penitentiary, but 
was soon transferred to a reformatory where he was assigned work at a farm camp 
One nigbt he walked away and was not af^rehended He first went to Missouri 
and then, after three years, moved to Teitas and assumed a new name Here he 
led a respectable life as a farmer and family man Little did he realize that bis 
fingerprints would eventually reveal his criminal history and escape from prison 
authority, thirty nine years passed before this disclosure Jn 1955 he suffered 
an illness and was admitted to a Texas state hospital, where fingerprinting is a 
ttga\aT part of the admittance pioctdnie On learmng that fingirpnnting was to 
be done, he freely told about fits escape and expressed relief that this history had 
come to light The hospital pnnts, checked against the original record, proved 
that he was GC though under another name This story has a happy endug The 
authorities, m view of his long record of upright life, decided against returning 
him for completion of his sentence 

An assault to kill resulted tn a five year sentence for \\ M , and he was 
confined in the Oklahoma State Penitentaiy About a year later he was trans 
ferred to the State Reformatory, from which he escaped with less than half of 
his sentence completed Twenty five years after the escape he was arrested m 
Kansas on a charge of theft He was fingerpnnted, the record was sent to the 
FBI, and there he was identified as the escapee who had enjoyed a quarter 
century of freedom W M did not fare as well as G C of the preceding account, 
because he was returned to complete his sentence 

Sometunes arrest on a petty offense leads to the disclosure of prior major 
crime, as in the instance of E C (alias) who was arrested m Phoenix, Arizona, 
on suspicion of stealing a watch His fingnpnnts were recorded as a part of the 
ordinary routine and referred (or identification He proved to be H C , wanted in 
California for the murder of a woman and her teen age daughter 

The next example concerns a man who was picked up m the railroad yards 
m Pueblo, Cdorado Railroad officers took him to jail after discovenng that he 
had suffered loss of memory (amnesia ) He was held m jail for a week on suspi 
oon that he was F C , an escaped convict from another state F C ’s brother, 
brought to Pueblo for the purpose, saw the amnesic man and found him to be 
of the same size and general appearance as FC but did not make a positive 
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identification Fingerprints of the amnesic were made and sent to the FBI which 
promptly reported the identification as TM H of Lawrence Kansas who had 
served m the Navy Had it not been foe the routine of fingerprinting personnel in 
the armed forces T^I H would not have been thus identified for return to his 
family 

A bmge resulted in trouble for W C B a Californian After an attack on 
a night watchman he was jailed and brought to court on charges of intoxication 
and assault The judge sentenced him to 30 days on the first charge and 150 days 
on the assault \\'hen \\ C B started to remonstrate the judge halted him 
and declared that the sentence was severe because of his record \\ C B Insisted 
that he had no record but the judge retorted that the long record included an 
arrest in Colorado for seduction and another tn California for violation of the 
Dyer Act \\ C B again denied having a police record Though the judge pointed 
out that the descnplion from the aled record fitted exactly, bis confidence was 
weakened and he postponed sentence until fingerprints could be taken and 
compared with those of the record They did not match and \\ C B was relieved 
of the onus of another man s police record 

Mrs ET 0 ! Beaumont, Texas was mutdered by two hitchhikers Her 
automobile when found at a roadside contained pieces of woman s apparel 
Several days after this a womans body was discovered m a thicket 100 miles 
from the location of the abandoned car The body was tentatively identified 
by shreds 0 ! clothing that fitted the desCTiption of garments worn by Mrs E T 
when she left Beaumont Although the body bad been extensively mutilated the 
right hand and left little finger were intact prints adequate for identification were 
obtained from the left little finger The police secured a lead indicating that Mrs 
ET had worked at a shipyard in Beaumont during World War II and that 
she had been fingerprinted as an applicant for employment Prints from the left 
little finger were sent to the FBI for comparison with the fingerprints that had 
been filed there nine years before The identification which up to this time had 
been only tentative was thus conclusively established Both hitchhikers were 
convicted one being sentenced to life imprbonment and the other to death in 
the electric chair 

AnniJjAc gni/soTOR sf/icy «. ijciat. nt Miss. B J a. t».enty-noft waitress 

of Dallas Texas Her murderer decapitated the body and amputated the hands 
The headless body was found m a dry creek bed in Oklahoma the head and hands 
were recovered from a nver six miles away There were no significant dues to 
the Identification and when the identification officers printed the fingers of the 
amputated hands it was considered unlikely that so young a woman would have 
been printed previously Howevxr, ha description and the fingerprint record 
were arculated to local and state police in Texas Oklahoma and neighbormg 
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stales Her identity T»as quickly discovered because she had a cnmmal record 
in Texas and Oklahoma her fingerprints were on file and the post mortem 
prints matched them 

PB a West tirginian twice convicted of murder had been jailed for a 
year Developments showed that he was mnocent of the crime for which he was 
charged and convicted Seven years previously CB (the same surname) was 
arrested On his way to the jail accmnpanied by a Justice of the Peace and a 
constable be requested and was granted permission to stop at his home for a 
change of shoes He emerged from the house with a gun fired and killed the 
Justice The unarmed constable fled from the scene and the killer escaped 
Later in Norfolk Virginia PB was arrested as the clamed murderer PB 
denied knowledge of the crime and declared that he was not C B but he was 
tried twice and found guilty A third trial was imminent but at long last he 
was freed after proof that be was P B not C & The proof came through P B s 
fingerprints that had been recorded when he entered military service This rase 
of mistaken idenbty had serious enough consequences for its vict m and they 
would have been grave indeed in the lack of the positive identification furmshed 
by his wartime fingerpnnt record 

M R R a miniog engineer was arrested under the impression that be was 
hi D a Chicago murderer who was being sought all over the United States 
There was a physical resemblance between the two men and both drove the same 
type of car AIRR s car nas followed through three California counties by 
deputy sheriffs who had orders to shoot first and arrest afterwards He was 
taken into custody in Los Angeles luckily without being harmed Here his 
fingerprints were recorded and they immediately ehmmatcd his identification 
with the wanted criminal whose pnnts were already on record 

A veteran of W orld ar 1 P K spent his final period of band to mouth 
existence in the Bowery area of New York City An illness requ red that he be 
sent to Bellevue Hospital and there be died His body unclaimed by relatives or 
fnends was buned m the city cemetery on Harts Island Fourteen months after 
the death PWK s brother John went to Ibe Missing Persons Bureau in the 
attempt to trace PWK from whom there had been no word for two years 
He found P W K. s photograph among the pictures of persons who had been 
given pauper burial or whose bodies were in the city morgue awaiting jdent fica 
tioD The body of PM K was exhumed and fingerprints were taken These 
prmts were identified m Masbinglon as those of PM K who had enisled 
eighteen years earlier PM K sbody was given a military funeral and his mother 
received the insurance and bonus money which only this positive identification 
rould have released 

A baby bom to an unmarried girl was left in a truck that was unattended 
whae the driver stopped for coffee m Rockville Connecticut The state police 
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were called and the infant was placed m Rockville Hospital Footpnnts of the 
infant were taken and within a week matdimg prints were located in a local 
hospital where the child had been bom The name and address, as given by the 
mother, were fictitious but her thumb print was on the footprint card No 
matching thumb print was found in the file and none came through the identifica 
tion office But hospitals had been alerted to report any woman admitted under 
circumstances out of the ordinary Finally, seven years after the baby was 
abandoned, one such call turned up the elusive mother, her thumb matched the 
print recorded at the birth of her baby 

Identification by Chance Fingerprints 

All the foregoing cases involve comparison of a previously filed ten finger 
set of prints with the prints of an individual living or dead, recorded for this 
purpose The next group of examples involves chance prints, prints left without 
intention by contact of the fingers A comm«i form of chance print is demon 
strated if one grasps a drinking glass or a polished metal object The resulting 
fingerprints are visible if the surface is examined at a suitable angle and with 
favorable illumination They represent an impression of the thin, oily film that 
adheres to the fingers from their contact with the face and scalp Such a print 
IS * latent” m the stnet sense of the word, for it can be ‘ developed into a clearly 
visible impression by one or another method — for example, dusting with fine 
powder selected for dark and light or color contrast with the background The 
skm surface also carries a deposit from sweat which, like the oily film, can be 
developed by chemical means Chance prints may be impressed in a clearly 
visible medium, such as blood or paint, and they may be literally sculptured as 
m wax 

Mention has been made of files of single fingerprmts 'l\’hen a file of this 
type IS available the search for a matching print is expedited, but usually the 
search must be made otherwise as m the following examples 

Most commonly, latent pnnts figure in the hunt for lawbreakers, but 
occasionally they serve other purposes The police of Marysville, California, 
picked up on suspicion a man who was carrying an electric flatiron Several 
fingerprints on the iron were deveic^ied Some of the prints were those of the 
suspect and others did not match any of his fingers A search of the avilian 
fingerprmt file led to the identification of the remaming pnnts with a local house 
wife, who farsightedly had been fingerprinted as a safeguard The safeguard on 
this occasion resulted only in the recovery of her flatiron, but prints on file may 
some day prove far more useful to the housewife or her family 

The notonous Jake Fleagle was m a four m an gMg tha t beldjjpjJ?aDk_,^ 
m Colorado, killed the bank president and ha son, [kidnapped a physiaan to hay^ry 
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him ztttnd a wounded bandit and then murdered him WTien the phj’sician s 
body was found, in his abandoned car a usable print was developed on a window 
glass This print was forwarded to the FBI where Director J Edgar Hoover 
requested the identification workers to memorize its charactenstics and to be 
watchful for the pattern on incoming cards Some twenty months passed a card 
received from Stockton, California, bote the telltale print Jake Fleaglc was 
soon under arrest Four men who had been falsely convicted were freed 

A fourteen year-old girl was alone in her home one night sitting in the 
music room with a book, when someone outside shot through the French ynndow 
wounding her The intruder ripped the wire of the back screen door broke a pane 
of glass, and then reached through to remove a large piece of the glass which he 
threw down After crirmnally assaulting the dying girl, he fled Only two bits of 
evidence were available, a print on the piece of glass and the recovered bullet 
A matching print was not found in the files and a call went out, asking that all 
males m the community over thirteen years of age appear for fingerpnntmg Over 
three thousand were printed and eliminated as suspects There remained a half 
dozen who had not been jingerprmted and among them E 5 who was thought 
to be an e.t'convict tMien his prmts were examined the right thumb was identical 
to the print on the piece of glass He confessed to the crime 

Palms anp Soles 

The ridge pattemings of palms and soles, and toes as well, conform m all 
fundamental principles of identification to those of fingers They are highly 
varable m tbeir major features and may be classified, though few identification 
offices maintain classified files of such prints Ordinanly, therefore, identifications 
are approached as in the examples to be related 

A senes of safe blowings, described as the most extensive in the history of 
crime m Norway, was solved when one of the culprits was identified by palm 
prmts In investigating one of the cases in Oslo, the search for chance fingerprints 
was fruitless Imprints of gloves, on a glass topped desk, explained the absence 
of fingerprints But the cnminal had neglected the fact that a section of the palm 
exposed at the glove opening provides for an identification no less positive (ban 
tbat aKuriefi by fmgCT p rfflte iiafi » lAatefi Wib banto on Vbt iesk as \v 
leave imprints of this exposed area The palm print files, which were started in 
Oslo in 1947, were searched without success and the identification was not made 
until three years after the incidenl reported above Three men were ar 
rested on charges of safe blowing in communities outside Oslo When their palm 
prints were recorded, one of the men was diown to be the glove wearer who 
had impressed a patch of each palm oa the desk glass m Oslo 
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A killer in a London suburb left a palm print at the scene of bis crime A 
large scale project was undertaken m the arnimunity, the paJmprinting of every 
male over sixteen years of age Scotland Yard experts were assigned the task of 
comparing the chance print with each of some 9,000 palms that had been 
recorded Success came with the 4,60Sth comparison The seventeen year old 
youth whose record print matched the chance print confessed 

Burglars may make their entries in bare feet, as did this criminal in Florida 
He entered a house after removal of a plate glass panel from the kitchen door, 
which he placed flat on the floor The investigators of the burglary considered it 
likely that fingerprints would be present on the glass However, dusting of the 
marginal area, where prints would be expected from the handling, did not reveal 
any impressions Though no fingerprints appeared as the dusting proceeded 
centrally, a clear right footprint developed Within a few days, a man was 
arrested for breaking and entering a store in the same town His footprints were 
made, the right one was identical to the latent print on the glass ui the home that 
had been burglarized 

Dismembered parts of a woman s body had been found m Boston Harbor 
o\er a span of nearly a month The police were informed by a concerned friend 
that Mrs G M A had been missing from her summer cottage m a Boston suburb 
The police entered the cottage and found a shambles On the bathroom floor, 
which had been carelessly mopped, there was a naked footprmt in blood Two 
men were suspects, of whom one was apprehended His footprints were recorded 
m prison One foot was identical to the bathroom print, he was found guilty of 
murder m the first degree, sentenced and executed 

Universal Fingerprint Registration 

Step by step, there has been progress through the years m the fingerprint 
registration ol law abiding atuens Millions of persons, realizing the benefits 
of such registration, have been fingerprinted voluntarily Others have accepted 
in good spirit the necessity of recording their prints men and women in the 
armed forces applicants for positions of (rust that require this safeguard 
Mothers ol new-born infants are gratelul lor (he protection aflorded in fhe record 
of their own fingerprints and the pnnts (usually soles) of their infants All this, 
and more examples which might be mentioned, is gratifying because the potential 
benefits of the fingerprint record are being extended to a rapidly mcreasing cum 
ber of people Furthermore, it is a good Sign of decreasing prejudice against finger 
prints through their assoaation with the crimmal element of the population The 
existence of such prejudice is difficult to explain, when the person has no cause 
to fear that his prints would lead to disclosure of a blemished past The prejudice 
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IS on a par with objection to being photographed, if anyone ever so objected, on 
grounds that criminals are routinely photographed 

Consider some of the registrations of our modern living marriage license, 
birth, death, census, voting, Selective Service Social Security The day will come 
when fingerprmtmg will be likewise a commonplace, when every person will take 
for granted that hiS fingerprints must be recorded in the interest of himself, his 
family, and the population at large So far, efforts toward securing legislation in 
the direction of nation wide fingerprinting have failed but the legislation will 
come eventually Perhaps it will be modeled along the principle of an unsuccessful 
bill introduced in 1943 by Senator William langer of N'orth Dakota, which 
provided for the initial fingerprinting of persons twelve years of age or older 
and, thereafter, the printing of those reaching the age of twelve It is obvious 
that any bill would set an age at which registration is compulsory and that 
diffttences of opinion on the appropriate age art inevitable But whatever the 
age prcfiosed parents may still tale advantage of earlier registration of their 
children on a voluntary basis, just as many have done and are doing now Pro- 
tests may be voiced by some on the bpsic issue of compulsion, the argument being 
(hat fingerprinting is a violation of personal rights and liberties Such an argu 
ment loses force in the face of the obvious (act that fingerprinting u for the 
benefit of good people, both in its use in combatting crime and m its cml 
applications 

The case histones recorded in this chapter illustrate .benefits received 
through Identification by fingerprints Some of the cases involve protection to 
society by aiminal identifications Others are duett personal advantages 
T.M JI , suffering from loss of memory, was restored to his family W C B was 
absolved from blame for another mans police record The confusion between 
C B the killer and the innocent P B was cleared M R R was mistaken for the 
murderer D , and his prints j^ved the mistake The family of PW K was 
assured of his death, the mother received his service benefits Such cases are 
typical of thousands that occur every year And many other varieties could be 
added, drawn from reemds of ffoods, storms, fires, explosions, and wrecks of 
automobiles, trams, and ships Fmgerprmt identifications of checks and docu- 
ments and pocket identification cards already are gaining headway An article 
published in 1937 is headed "Finger Print Everybody? Yes — says John Edgar 
Hoover ” He and many others are still saymg “Yes ” 
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potlern form 

dermatoglyphics as objects of study, 
213-314 

false claims, 310, 212 

heritable characters ol finger prints, 318 

minutiae, 230-231 

resemblance of dermatoglyphics in rela 
tives aro-2ti 

rules applying to questioned paternity, 
Ul 

use of family groups, 213 
use of general population, 214-215 
use of twins, 215-216 
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Koreans, 260 361, 263, 273 
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Latent prmts 34, 25 
Lateral pocket loops, 63 
of fingers, frequency 68 
of hallucal area, 126 
of toes, frequency, 134 >3$ 

Lemur, 158, 159, 162, 164 
Leprosy, 41, 270 
Liesegang rings, 36 
Lme D index, palm, 108, 113-113 
Lines Sec Pn/nis, main hues, Soles, mam 
lines 

of palmistry, 85 
white, 36 

Loops, compared with whorls, 36-57, *26 
fingers, 57 
frequency, 68 
bead, 57 

inbentance, 223-224 
opeiUBg, 37 

plain and transitional types, 63-64 
radial and utoar contrasted, 57 
slant of core, 8r 

lateral pocket and twin loops, 63 136 
lurrored asymmetry. i9*”*93 
palm, bypolhenar, lei 
ifiterdigita) areas II IV, 106 
tbeoar/interdigilal I tof 
sole, hallucal, 126, >31 
bypolhenar, 131-13* 
interdigitals n IV I37~t3t 
Lons, f6r 

if 

'IscArlhur’sforinulafor twin diagnosis, 238- 
240 

Magrufiers, S4-SS 
Main hnes palm, 86 

abortive stales, 91-92 
accessory tnradii as origins, 94-97 
alternative formulation. 90 
bilateral differences. Ill, > 1 2-H3, t'S. 

119, 174, 197-198 
double formulabons, 90 
dual formulations, 90, > >0 
evolutionary trend, 265 
formulation, 88-99 
fusions, 92-93 
inbentance, 217, 333 
line A, tii, 113. tiX >'9 
hne B, 111 119 
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Miu lines, palm, line C, iii-iia, tig, 

kS 

Ime D, III, lit, i!j, IM, i>9 
bne-D index, loS 
line T, 1 1 1 

mam line index, ita-iij 
DUTTored asymmetries, 191-194 
uaciog, 87-SS 
in twin compansona, *39 

bilateral diflerences, 130, too 
Malpigbl, ti, ti 

Sian, compared with other primates, 16a- 

t7?,t79 

Ifanoars, 71-7*, 138 
Mark Twain, id-r? 

Slarmosa, 137, 159 
Slarmosets, j6i, ids 
hlaisupiala, t$7*ts*i ‘W t77 
Slayas, ast, a7i 
Mayer, it, 13 

hleaaureiceQts, between palisar landmarks, 
io8>iog 

ilacU of planUr ndges, <14 
Mediteniaeans, as*, adi 
Meet wborta, 61 
Sfeetiag of type lines, 6t 
Melanesiaiu, ajt, ado, ad3 
SlmuUae, 30-31, 134-155 
in identification, 149 
iflhentanee, 13^331 
in non haman primates, r59 
in questioned paternity, 

Slirronng, iga-194 

Slongoliaos (Yeilow'bmwnsl, asa, tda, 263 

td4. 26s 

Sfongoloid idiots, 279 
Mongols, ado 

Slonkeys, New ttorld, 161, ids, 168, 172, 

175. 176, 177 

Old ttorld, id2, idd, 168 173. 175, i7d, 
>77. 179 

Monocentnc pattens, of dngen, i$5, 17# 
freqoesaes in fingers and toes 204 
Monociorplnc hands, i85, 276 
Monoaygotic twins, 215, aid, 235 *37 
Jlorphologic plan, comparative, 177 

confignratKMia] areas, 161-162. 172-173 
pads, 160-162, 173 

MutUti's rules in questioned pstenuty, 249 
Multiplication of ridges 106 
MutHaPon, intentional 4i'4> 


N 

Nascent ndges, 30-31 
Natural selectum, 254 
NegaPve prints 30 
Negritos, 252, 263 
Negroes. 131, iS*. 257. i^S. *73 
Angola, 2do 
East Aincs, 260 
Jamaica, 260, 261, 263 
libcna, 260, 261, 262, 263, 268 
Portuguese colonies, ido 
Neolithic camngs, 4 
Nerve endings, 23, 39, 40 
Nerves, effectaof cutting, 270 
Neurofibromatosis, 276 
New World monkeys, idi, 165, 168, 172, 175, 
>76,177 

Nigbt monkey (Aotus), 160, 162, 164 
Nordics, 252, *di, ads 
Norwtjuns, ad* 

NOraberger's rolea m questioned patmsity, 
*49 

O 

Old World monkey*. Ida, idd, add, 17,^ 175, 
I7fi. irr, >79 
(^n fields, ii 

palm, hypolbeoar, loa 
istrrdipta! areas II IV, ttA 
theuar/usterdiptal I, leg 
so1e,h2l}uc*I. lad, 131 
h3T>otlea*r, 131-13* 

iflterdiptals n IV, >*7 131 
Oraog (PoDgo), 167, 168, 173 
Oroka, adt, 263 
Outer termians, $8 
Outside whorl, di 


Fad, for pnntuig, 47 
Pads, volar, 6j, rS7 
fuiKttoa, 168 

raorphologie plan, 160-162, 173 
palmar bypothener, 83 
palmar interdiptals, 84 
Pair-group rule, 73, 196-197 
' Pairs.” la Klateml association, 73, 196-197 
in idenpficaPon nractice 145 
PaUn, 263 
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P&tm», «.a&tomical I&ndnatb, S4-S6 
coEoparttive, 162-174 
configurational areas, 32-53, Sj Seeatso 
kyptthenar, Ikenar/interdittliil I, 
II‘IV 

evaluated for twin comparisons, 334, 

244 

formula, 100 
digital areas, S6 
eminences, 84 
in identification, to8, 144 
mainlines See Ifaia lixer, palm 
ID mongoloid idiots, 379 
pattern frequencies and handedness, 375 
printing, method, 49-50 
racial differences, 262, 363, 264 
ser differences, 174 
tnradu, 85-86 
Paper, for prints, 45-46 
Papillae, dermal, 39 
Paratbenar pattern, palm, 103 
Paratypic vanation, szi, 317, 238 
Paternity, questioned, 247 

rules for, Essen MoUer, 347-248 
Geipe], 349-350 
Mueller, 349 
Ndrnberger, 349 
Pittetn, defined, js, 56-57 
primitive, 166-268 
Pattern area, of finger print, 57i 59 
Pattern form, fingers, 78-81 

and bodily propontons, 271 
compared in the sexes 278 
mhentance, 221-225 
m questioned paternity, 249-350 
Statistics, 8a 
in twins, 243 

variations related to axis, 204 
palm, inlerdifitals H IV, i»o 
toes. 139 

Pattern Intensify, comparative, >74-277 
fingers, 71 

raaal differences, 260-264 
in twins, 243 

Pattern sire See quanUtaUvt vi}iue 
Pattern symmetry, intrinsic, 192-193 
Pattern t>pea, developmental explanation 
of differences, 182-1S5 
Pattern types of fingers, arch/whorl index, 71 
assooaUon of whotls and arches, 72-73 
classifications of Galton and Henry com- 
pared, 60 

digital diflerences of frequcocy, 67-70 


Pattera types ol fingers, and head form, 370- 
*7* 

udices, 71 
tnhentance, 219-321 
in questioned paternity, 248 
sex differences, 373-273 
transitions, 64-66 
la twin compansons, 239, 241-243 
Pattemings resemblmg detrnatoglyplucs, 4-5, 
84-86 

Pattcnia within patterns, central pockets, 63 
of palmar bypotbenar, 103 
Peoetwnce, 227-228 

PecmancRce of detmatoglyphics, 19, 20, 40- 
42, 144, 147 
Petroglyphs, 3-5, xo 
Phalanger, 158, t50 

Phalanges, middle and proximal, 8j, 173-174, 
206, 240 

Phenotype. 2ti. 255, 356, 369 
Pictographs, Indian, 3-4 
Plain arches, fingejs, 31, 57, 64-66 
haSlucal, 126, 131 
palmar bypotbenar, tor 
Plata loops, fingers, 65 
Plain (dab) prints, 48 
Pleiotropy See <usoao!>on 
Point of core, 60 

Point of delta (tnradial point!, 58 
Pointec, Cot ridge counting, 55 
Poles. 263 

Pohomyehlis, 279-280 
Poll. 31 

Polsterung SeerwAmaing 
Polydactyly, 183, 184. *86, 206, 238 
Pores, 27-28 

Portuguese, 132, 260, 273 
Pottery, finger prints la, 5-6 
Potto 162 

Preapitation patterns, likened to dermato* 
glyphics, 36 

Pninaiy dassiCcation of finger prints, 145- 
T46 

Pnmate affimties, 176-177 
Primitive patterns, 166-16S, 264, 280 
Pnnts, 27, 29-30 See also /«ifrprialr,/a/mr 

refer, leer 

chance (traces), 24-25, I44> t47» *48 
forms (or, 45-46 
idMtical, 39-30 
latent, 74, 25 

legible prints versus blobs, 27 
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Pnats, meUiods of pnotuig, 4?-4i> 5a 
tqmpratnl, 45-47. 5* 
fiogera, 4^49 
infants, 51-51 
mkless, sa-S3 
paJms, 49-Jo 
soles, 50-51 
toes, SI 
X ray, 53-54 
negative pnats, 30 
10 plasPc materials, 5-7, as-j6 
Probability, tbeoiy of, J5i-»55 
Prosimians, 158, i6a, 17a. 175, 177 
Prostitutes, aSo 
Pseudo-digital tnradu, sole, taa 
Psoriasis, a76 
‘■PudiWieidl X^'ilsan," if 
Purkinje, 13 14. 15 
Puales, fingei pnet. 18 
^gviei, Ef8, a6o, 163, <65, 773 

Q 

QusBtiUtive value fingers, 76-78, 185 
aod bodily proportions, a?! 
frequency of values in loops, 77 
inbentance, 714-718 
pattern types contrasted, 77-78 
in questioned paternity, 748-750 
in twins. 737, 743-744 
QuantitaUve value, toes, 739*140 
mberitance, 731-737 

R 

Races, i$t, 753 See also names of races and 
aational groups 
affinities iraang of, 764-166 
dassificabon, 751-757 
concept of race, 751-15* 
constitutional aspects, *69 
deimatoglypiacs sa cntena, 154-755 
differential regional variability, 738, 155- 

736, »6S 

gene frequencies, 779-730 
geograpbie trends in variation, 765-766 
historical correlations, 766-767, 768 
hybnds, 767-168 
intangible vanants, 757-758 
intraraaal variability, 766-767 


Races, statistical differences, 760-164 
toes 134,137 

traits used in classiScabon 251-751 
7S4-*s8 

Radul (tibial) loops, frequencies on fingers 
and toes, 203-206 

radial asymmetry explained, 703 204- 
206 

Radiants, 34-58 

of fingers, 57-59 
(racing, 59 

of palm, tracing 80, 87-88 
of sole, J71-177, 179-130 

Ridges, 30-31 

aiding la touch, 14, 73-74 
breadth, bilateral differences, 199-700 
compirauve. 167-165 
growth, aS, 40 147 
hand l«ng\h/ndgt count md«i 163 
164 

tnheniance, 731 
ttgional vanationa, 14 aoS-aoq 
sn differences, 78, 77a 
counting 55, 74-76 
iR formulating palmar main lines, 107 
inner terminus, 60 
meet and non meet whorls, 61 
outer terminus, 58 

defects is formation, 37, 181 rSa, *78 
embtyolog>. 180-185 
evolution, 158-159 

factors controlling alignment iSe-tSj 

a«4 

Incbonal resistance, 15, 73 
growth, s8, 40, 147 
imheicabon, aj 
iRCipi«Dt (nascent), 30-31 
islands, sy, 31 
minutiae, 30-31, 154-155 
tn identification, 149 
inheritance, 730-331 

morphology, tj 

pmsunence. 19. 20, 40-47, 144, 147 
abort ndges, 3 1 

Rife s formula for twin diagnosis, 735 

Right left differences. See HJaleral iijertnus 

“Rings," 158-159 

Rod cores, 59-60 

RoDed prints, 48 

Roller, for orutinr. n 
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Rugae Ste rtdgcs 
Russians, 360, 373 

S 

S-pattems, palmar hypotbenar, lo^ 

Sand patterns, likened to dermatoglyphics 
35. 36 

Scales, as precursors of ndges, 158 
Scars, effects of, 41, 37a 
Schizophrenia, 377-378 
Schlagmhaufen, 31 
Schroter, 13 
Seals, finger pnnt, 7, to 
Secondary classification of finger prints, 147 
Sex diStrencts, bilateral compansons, 373- 
*74 

constitutional aspects, 369 
and handedness, 375 
importance in raaal samples, 358 
patr*group rule, 197 
palmar mam lines, 198 
pattern form, fingen, *73 
pattern frequencies 373,373 
in poliomyelitis, 379-380 
ndge breadth, 373 
m schizophrenia, 377 
toes, 373 
Short ndgee, 31 
Siamese, 26* 

Siamese twins, 338 
Sight recognition, 143 
Simian line, 379 . 

Similarity method in twin diagnosis, 335-336 

Single finger prmt systems, 147 

Situs viscerum inversus, 194 

Skeleton of pattern, 57, 58, 59 

Skm, 33, 38-40, 356 

corium (dermis), 38-39 
creases, 33, 36-37,83 
embryology of ridges, i8o-i8j 
epidermij, 38-39 
grafts of ndged skin, 42 
nerve endings, 33 
thickness of la}ers, 39-40 
Soles, 130-133 

comparative, 162-174 
configurational areas, 33 iio-iai See 
also luUueol, kypothenar, inZrrdigi 
toll // /V', Iktnar, and calcar 
evaluations for twin comparisons 344- 
345 

evolutionary companson with palms, 163 


Soles, (n identification, 144 
main hoes, 132-133 
printing, method, 50-51 
raaal difiuencts, 262, 364 
slant of ndges, 130 
tread area, 50 

Spanish, 360-373 

Spanish Indian hybrids, 368 

Spider monkey (Ateles), 163, 165, 173 

Squirrd, 156, 137 

Staple cores, 59-60 

Statistical methods, 70 

Stocks' formula for twin diagnosis, 341 

Subcutaneous tissue, 40 

Sula, 37, 30, 38 

Sumatrans, 260 

Supernumerary digits, 183-184, 186. 306, 338 
Sweat, composition, 40 
Sweat glands, 33, 39-40 
Sweat pores, 37-38 
Sweating, exreuive, 370 
Symmetry, intrinsic pattern symmetry, 193- 
197 SttMaleraldifcrtnctt 
Syndactyly, 183, 186, 393, 206-308 
Syrians (Mitwali) 360, 261 263, 363 

T 

Table, for finger prmbng, 47 
Tabor, 16, S7 

Tad, derautoglyphics, 175, 176 
function as a hand, 176 
Tarsier (Tarsius), 163, 164 
Tarsipes, ij; 

Temperament, rSi 
Tented arches, fingers 64 
hallucal, i36 
palmar hypothenar, 103 
Termination (end), 31 
Termini, 58, 60 
Tettnang District, 366 
Thenar, prozimal, of sole, irS 
Thenar/mterdigital I, palm classification. 
105 

frequenaes of configuration tyiiea, tl?, 
119 

inbentaoce, 316-117, r3r”*J3 
transitions, 187 

in twins. 317 
Thompson, 16 
Tibus (Cufra), 360 
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Toes, 133-135 

sssoci&tiaQ, 189 
bipedar, 138-139 
m tluTopaarte, 170 
and fingers compared, 135-140 
fonn, 134. 159 
frequenaes, 133-137 
transitions, 133 
m identification, 144 
patterns, combinations in individuals, 
138-139 

pnnting, inetbod 5^51 
quantitative value, t39'i4o 
sex diSerences, 173 
tvisDS, I3i-a3a 

Touch, served by ndged akin, 14, 13 14 156, 
Tracing, palcoat mam ton, 87-88 
type toes oI fingn pnnts, 39 
Trasaitiona) taops, 83 
Traaaitiona, patterns, fingers, 64-88, 191 
palm, hypolbenar, 187 
intcrdiptaU II IV, 187 
tbenar/interdigiul I, 187 
sole, hallucal, ta6 
toes, 131 

Tread area aole, $0 
Tree ahrew, 157 
Tnndial point, 58 
Tnradu, 34, S 7 

distmguiiied from deltas, 58 
embiyology, 184 
extralimital, 59 
fingers, 57*59 . 

palm, accessary, 86, 94-97, 99-100 
axial, 86, 99-100, J15 
digital, 85-86 90, 107-308 
interdigital, 97-99, 307-308 
intertnrsdial distances, 108 
radiants ot, 34, 58-59 
sole, I1I-I33, 138, rig-ijo 
digits! tnradu, suppression, 108 
interdigital, isi, 13S, 306-308 
pseudo-digital, iiS 
“True fathers," 247, 248 
True wbotU, 60, 61, 63, 68 
Twin loops, fingers, 63 
liequeccy, 68 
toes, 134-13S 
Twins, 215-216, 235-137 
afterbirth, 236, 238 

bilateral and bofflolateral compansoos, 
236-237, 240 
blood groups, 23s, 236 


Tinas, diagnosis, reliability, 337-238 
formulae, 235, 338-241 
fingers, minutiae, 231, 244 
mirror imaging 244 
pattern form, 243 
pattern intensity, 242 
pattern type, 239, 341-243 
proximal phalanges, 240 
quantitative value, 237, 243-244 
palms, mam lines, 239 
patterns, 239-244 
thesar/inlerdigital f, 217 
ptmtssiever identical, 149-150, 152, 211- 

ainnlanty method 235-236 
soles, 244-245 
toes, 231-232 

Twisted (bicenint, Cpt douWe-cotedl patterns 
fingers. 68 
«f chimpanzee, 170 
inbeAtance 221 
10 questioned paternity, 249 
toes, 135 

T«o>poiot discnminatioa, 23-24 

Type lines, 37, 58, 61 

V 

Unimaouar, 72 

Ooiquenessof a pout. t49*tSS> att-2i» 

V 

VaruUoir, constitutional aspects, 269-270 
intangible variants in races, 257-258 
inUaiacial, i66-»67 
in nature, 150 
pacatypic, 211, 217, 238 
racial charactenzation, 252, 253 

tegiODSl diSerences, 238, 33s 256 265 

Vestiges, 31 

paliB.hypothenar. 102-103 

interdi^tals 11 IV, 106 
thenar/interdigital I, lOj 
sole, hypothenar, 131-132 
interiLgitals H IV, 127 

Volaxpads, 84, 160-162, 176-177, 179-180 
embryology, 178-180, 185, 190-191 

VucetKli, 15 

U 

^allnoBs, 260 

“Wart^** *58-239 
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UebbiOg (syndactyly), 183. i8fi, joa, »o6-ao8 
TVeninger, j , *46 
IVTutebtiw 36 

)iVhite'Blac 1 c hybnds in Jamaica, 387^*68 
3 \Tut«, SSI, sss, s6r-j6a, 163, s6s 
Whorls, fingers. 5^57 
frequenoes, 68 

Galton and Henry usage contrasted, 
60 

inside srborl, 61 
meet whorl, 61 
mirrored asymmetnes, 193 
outside whorl, 61 
size, 63 

true whorls 60, 61, 63, 68 
palm, hypothenar, roi, 103 
mterdigitals 11 IV, 106 
thenar/interdigital I, 103 
»le,hallucaS i»S~is6, 131 
interdigitals II IV, la?, 131 
toes, i 3 J-t 3 S 


Wilder, H H , so, 237 
Wilder, Mrs I W , *i 
Wounds effects of, 4T 

X 

X ray, effects of, 4t 
“pnnU,’ 33-54 

Y 

\ patterns palmar hypothenar, 103 
Yellow browns (Mongobans), 23}, 362, 363, 
264 26s 

Yetkes Laboratories of Fnmate Biology, 139 
Z 

Zebia, stripes likened to dttinaloslyplues, 34 
Zygodactyly (syndactyly), 183 186, 202 
206-308 
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AS HAT Is SciLHCF> N Campbell 

The tole oE cxpetHneni »ntl mcatiitemetu Uie (unction o( mathematics the 
iiaitire of scientific laws (he differenrr bciucen laws and theories the Iimita 
(ions of science and man) similaT))' provocadte topics are treated clearly and 
siithout technicalities b> an eminent scietitisi Still an excellent introduction 
to scientific philosophy H Margenau in Physics Today A first rate primer 
desenes a tilde audience Snentific Amenean i^app 5%* x 8 

60(MS 2 Paperbound $i Sj 

T HF SATD»f oT I loHT A\i> (.oi oi * IX Ttif OfFN \i» Af Afinnaerl 
Uhy are shadoirs sometimes blue someiimcs green or other colors depending 
on the light and aurrQUndings> Uhai causes mirages? Uhy do multiple suns 
and moons appear in the sky? Professor \finnaert explains these unusual 
phenomena and hundreds of others in simple easy to understand terms based 
oa optical lavix and the propectie* of light and color No mathematics is 
rec^uired but artists seieniists students and eteryone fascinated by these 
(neks of nature tnll find thousands of useful and amanng pieces of informa 
tion Hundreds of obsenatiotsal experiments are suggested uhich require no 
special equipment too illustrattons it photos x«t + S^^PP 

20196 I Paperlxtiind 5a oo 

The STKAxce SToat or the Quants si An Account roa the Ceaeral 
Rsaoea Of TH» CaovitM or ItitAS UsoraLxisc Our Present ATOMte 
Knowledcf /} Hoffmann 

Presents lucidly and expertly vith barest amount of maihemaiics the prob 
lems and theories nhich led to modern quantum physics Dr Hoffmann liegins 
Tilth the closing years of the 19th century uhen certain trifling discrepancies 
Here noticed and with iltuminacing analogies and examples takes you through 
the brilliant concepts of Planck Einstein Pauli Broglie Bohr Schroedmger 
Heisenberg Dirac Sommerfeld reynman etc This edition includes a new 
long postscript carrying the story through 19j8 Of the Irooks attempting an 
account of the history and contents of our modem atomic phisics which hate 
come to my attention this is the best H Afargenau \ale Lnnersity in 
American Journal of P/issics ja tables anil line illiiilralions Index afipp 
SY, X 8 20518 5 I'aperlioiind 

Grfat Ideas of Modirn Mathi siatics Theik Naturs and Use 
Jagiit Singh 

Reader with only high school niaih Hill uridersiand main maihemaiiol ideas 
of modern physics astronomy genetics psvcluilogy ciolutton etc (letter than 
many who use them as tools but comprehmd little of their basic structure 
Author uses his wide knowledge of non mathematical fields in brilliant ex 
position of differential equations matrices group theory logic statistics 
problems o( mathematical foundations imagmaty numbers vectors etc 
Original publication 2 appendixes 2 indexes 6^ ills jarpp x 8 

20587 8 Paperbound Si 
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The Music of the Spheres The Material Unuerse — From Atom 
TO Quasar, Simply Explained. Cu) Murehie 
Vast compendium of fact modern concept and theory obsersedand calculated 
data, historical background guides intelligent la>man through the material 
uniserse Brilliant exposition of earths construction, explanations for moons 
craters atmospheric components of \eniis and ^fars (with data from recent 
fiyby’s), sun spots, sequences of star birth and death, neighboring galaxies 
contributions of Galileo, T)cho Brahe, Kepler, etc , and (\o1 a) construction 
of the atom (describing newly discoteted sigma and xi subatomic particles) 
theories of sound color and light space and time, including relatitit) theory 
quantum theory, vase theory, probability theory, work of Newton, Maxwell 
Faraday, Emstem, de Broglie, etc Best prescniaiion yet offered to the in 
telligent general reader,' Saturday Revieu Revised <1967) Index 319 illus 
trations by the author Total of xx + 6|jpp sYf x 8i/4 

21809 0 21810 4 Two toUime set paperlioiind $5 00 


Four Lectures on Relativity and Space Charlet Proteus Steinmeli 
Lecture series, given by great maihemaiician and electrical engineer generally 
considered one 0! the best popular level expositions of special and general 
reUiivity theories and related questions Siemtneu translates complex mathe 
matical reasoning into language accessible to laymen through analogy example 
and comparison Among topics covered are relativity of motion location time, 
of mass, acceleration, 4-dimensional lime space, geometry of the gravitational 
Reid, curvature and bending of space, non Euclidean geometry Index 40 
Illustrations x 4- i-tapp 5^ x 61771 8 Paperbound $1 35 


How TO Know the U'ilo Flowers, Mrs WiiUam Starr Dana 
Classic nature book that has introduced thousands to wonders of American 
wild flowers Color season principle of organiraiion 1$ easy to use even by 
those with no bounical training and the genial refreshing discussions of 
history, folklore uses of over iamo native and escape flowers foliage plants 
arc informainc as well as fun to read Over 170 full page plates collectetl from 
several editions, may be colored in to make permanent records of Rnds Revised 
to conform with 1950 edition of Grays Manual of Botany xlii + JS^pp 
5^ X 8^ 20332 8 Paperbound $a 5» 


Manual of the Trees or North America, Charles Sprague Sargent 
yeNi ■OT«cnrpasse<i to tiiua voniprArcnsivt YtVrtftAt 

tree characteristics, precise locations and distribution By dean of American 
dendrologists Every tree native to Canada Maska, 185 genera yiyspecics, 
described in detail— leaves flowers frail, winterbuds, bark, wood, growth 
habits, etc plus discussion of varieties and local variants, immaturity variations 
Over 100 keys including unusual 11 page analytical key to genera, aid in 
identification 783 clear illustrations of flowers fruit, leaves An unmatched 
permanent reference work for all nature lovers Second enlarged (1926) edition 
Synopsis of families Analytical key to genera Glossary of technical terms 
Index 783 illustrations 1 map Total of gSspp 534 * 8 

20277 1,20278 X Two volume sec |>aperlx>und JOoo 
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Its Fvs to Make Things From Sckap Materials 
£vf{>n Clonls Hsrahog 

WTiat use are empty spools tin cans bottle tops’ What can be made from 
rubber hands cloches pins paper dips and buttons’ This booX provides 
simpl) Horded instructions and large diagrams shouing >ou how to make 
cookie cutters toy trucks paper turkeys Halloween masks telephone sets 
aprons linoleum block and spatter prints — m a]] 599 projecisl Many are easy 
enough for )oung children to figure out for themselves some challenging 
enough to entertain adults all are letnatlably ingenious ways to make things 
from materials that cost pennies or less' Formerly Scrap Fun for Everyone 
Index 2iy vUwsiiations 313PP 5% x 2125\ S Papetbound 5» "J, 

Symbolic Logic and The Cabie of Logic Lewis Cnrrotl 
Symbolic Logic is not concerned with modem symbolic logic but is instead 
a collection of over 380 problems posed with charm and imagination using 
the syllt^ism and a fascinating diagrammatic method of drawing concluiions. 
In 'The Game of Logic Carroll t whimsical imagination devises a logical game 
pUyed with a dtagrams and eountets ftncludedy 10 manipulate hundteds of 
tricky syllogisms The final seciion Hii or Miss is a lagmappe of 101 addi 
tional puules in the delightful CanoU manner Until this reprint edition 
iMth of these books v>ere rarities eosling up lo $15 each Symbolic Logic 
Index xxxi + iggpp The Came of Logic pfipp a vols bound as one 5^ x 8 
20192 8 Paperbound $850 

NfATHEMATlCAL PuiZLES OF SaM LoVO I'AkT I 
seteded and edited by M Gardner 

Choice putties by the greatest American puule creator and innovator Selected 
from his famous cotleeiion Cyclopedia of Putties they retain the unique 
style and hiWottcalRavot of the originals There are posers based on arithmetic 
algebra prohabilitv game theory route tracing topology counter and sliding 
block oimations tesearch geometrical dissection Includes the famous 1413 
puttie which was a national crate and his Horse of a Different Color which 
sold millions of copies 117 of his most ingenious putties in all ito line 
drawings and diagrams Solutions Selected references xx -p iGypp 5^^ x 8 
20498 7 Paperbound $1 

String Figures and Hcmv to Make Them Caroline Furness Jayne 
107 string figures plus sanations selected from the best primitive and modern 
examples developed h) havajo Apache pygmies of Africa Eskimo in Europe 
Australia China etc The most readily understandable easy to follow book tn 
English on perennially popular recreation Crystal clear exposition step by 
step diagrams Everyone from kmderganen children to adults looking for 
unusual diversion will he endlessly amused fndex Bibliography Introduction 
byA C.Haddon 17 lull pageplaies gfioilliistrations xxiii^40ipp 

20152 X Paperbound S2 Sj 

Paper Folding for Beginner# II D Murray and F ] Rigney 
A delightful introduction 10 the sariot and entertaining Japanese art of 
origami (paper folding] with a full crystal-dear text that anticipates every 
difficulty over 2;^ clearly labeled diagrams of all important stages in creation 
5ou gel results at each stage since eomplex figures arc logically developed 
from simpler ones. 43 different pieces are explained sailboats frogs roosters 
etc 6 photographic plates 279 diagrams gjpp 514 x 8v, 

20713 7 Paperbound Sixx) 



LATAHH.ht OF DOXER HOOKS 


PRINCIILES Of \RT HlSTOR\ 

H i\olfflin 

\nal)2mg ^uch terms as ltar<K|ue classir ncoclassic jiniimisc 
piciiires(|iie and lA) ditfeieni tsorks l» artists like Rotiirclli san CIcsc 
lliirer Holiliema I{olf>ein Hals Remlinindi liiiait Rriieglicl \trmecr and 
man^ others the author estahltslKs the tlasMftcations o( art history anti st^lc 
on a firm roncretc basis Hiis tlassic of an criticism shous nhat leallt 
occiirretl hetneen the 14th century pnmitises and the sophistication of the 
iHth centiir) 111 terms of Isasic altitudes and philosophies \ remarkable 

lesson sn the ait of seeing Sot Rei of I iteratufc rranslated from the 7th 
German etluion 170 ilhtstraiions »>ipp 65^ v <|i/J 20276 3 Paperboiind S2 Sj 

Primitue Art 
Frons Boas 

I his auihoritatise and exhaiistisr stork bs a great American an(liroj>o]ogis[ 
(osers the entire gamut of pninitisc art Intlers leaihentork metal itork 
stone stork stouti liasketrs are treated in detail theories of primitisc art 
historical depth in art histois technical viriuosits imconscioiis lesets of pal 
terning sjmlxihsm st>lc$ literature nnisic dance etc \ must Iiook for the 
interested la>man the anthropologist artist fiaodicrafier (hiitulreds of tin 
usual motifs) and the historian Oscr 900 dlnstraiions ceramic sessels 
la totem |>oles etc) 3;Cpf> 20025 6 Paperlmmul Sam 

Inr Gevtlcmav a\d Carimt Makers Dirfctor 
Thoinat C/nl>pendiile 

V reprint of the 1762 catalogue of (iirniiiire <lesign« that neiii on to infliieme 
generations of fnglish and Colonial and EarU Republic kmciicaii fiirniliirc 
makers The 2 <m) plates most of them full page sued shon Chippendales 
designs for French (Loins \\) (•otbic and (hincse manner chans sofas 
canop) and dome lietls cornices chaml>er organs caliincts shaving tallies 
commodes picture frames frets camllc stands chimney pieces decorations etc 
Ihe drawings are all elegant and highly ticiailcd many include consiruciiaii 
diagrams and elesaiioni A supplement of photographs shows siirxiving 
pieces of original and Chippendale style pieces of furniture Brief limgraphy 
of Chippendale by N I Bieiienstock cdiloi of funuture UorM Repirxtiiccil 
from the 1762 cdilmn 200 plates plus ■(> photc^papliic plates si + *l9pp 
gt/i X »2V4 21601 2 1‘apctliound v’ 


AMIRICAX AMtejt » flRMTIRS \ BuoK »«l« kslsTFIRS 

Fdgar G Mi//er, Jr 

Standard intiodviclion anil piaclical guide so idenlificaiiou of \aUiablc 
American antique fiimiuire 2115 illustrations mostly photographs taken b\ 
the author in 14S private homes are arranged in chronological order in eMcn 
Mve chapters on chairs sofas chests desks licdsteads mirrors tables clocks 
and other articles Focus is on fnniiUiic accessible to the coUccUvc including 
simpler pieces and a larger than usual coierage of Fmpirc style Intrtxliictory 
chapters identify structural elcmciils characteristics of larioiis stiles bow to 
avoid fakes etc “Me are frcquenlh asked to name some Ixxik on American 
fiirnitiire that viill meet the requircmculs of she novice collector the Ivegm 
ning dealer and the general public AAe licbcse Mr Millers two 

lolumes more completely satisfy this s|»ccifieation ihan any other woik" 


Aiihqurs Appendix Index total of \i + iiiir>j>}> 7** \ lovj 

21599 7 , 2 t 6(»-4 luu sidun.c set yuperUuind 57 yj 
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1 HE Bad Child s Book of Bfasts More BfASTi for Uokse Children 

an() H Moral \irHARV~r li Beltoc 

Hardlv and antholo^ of humorous scrse has appeared in the Iasi ,u tears 
without at least a couple of these famous nonsense verses But one must see 
the entire volumes — with all the delightful original illuitraiions b> Sir Basil 
Blackwood — to appreciate fully Bellocs charming and witty verses that play 
so suhacidly on the platitudes of life and morals that lieset his day — and ours 
1 great humor classic Three liooks in one Total of 'S/PP 5% x 8 

20749 8 Paperbound $i 00 

rite Dfml s UiCTioNARV Anbroie Bierce 
Sardonic and irreverent liarbs puncturing the pomposities and absurdities of 
American jxilitics business religion literature and arts by the country s 
greatest satirist in the classic tradiiion Epigrammatic as Shaw piercing as 
Swift American as Mark Twain Uill Rogers and Trcd Allen Bierce will 
always remain the favorite of a small coterie of enthusiasts and of writers 
and speakers whom he supplies with some of the most gorgeous witticisms 
of the English language (H E Mencken) Over 1000 entries in alphabetical 
order Hipp 5V0 8 2CM87 I Paperbound ?i«> 

Thb CoiFLtiE Nonsense or Edward Lear 
T his IS the only complete edition of this master of gentle madness available 
at a popular price A Book of Kon$ense Sonunse Songt More ^OFIsenre 
Songs a»d Stories in their entirely with all the old favorites that have delighted 
children and adults for years The Dong A\ ah A Luminous Nose The Jumblies 
The Owl and the Pussycat and hundreds of other bits of vvonderfiil nonsense 
31^ limericks 3 sets of Nonsense Botany 5 Nonsense Alphabets 546 drawings 
by Lear himself and much more 3topp 5^^ x 8 20167 SPaperlwund $> 73 

The Wit and Homos, of Oscar Uildc ed by dfvtn ffedman 
Milde at his most bnntani in 1000 epigrams exposing weaknesses and 
hypocTisiesof civilued society Divided into ^gcategoriei—sm vvealih women 
America etc —to aid writers speakers Includes excerpts from his trials liooks 
plays ciitKisnv Formerly The Epigrams of Oscar AS tide Introduction by 
\yvyan Holland AS ilde s only living son Introductory essay by editor 26opp 
5^ X 8 20602 5 Paperbound $i 50 

S Childs Prisifr of NAtuRAi Historv Olwer Herford 
Scarcely an anthology of whimsy and humor has appeared in the last years 
without a contribution from Oliver llerford Aei the works from which these 
examples are drawn have lieen almost impossible to obtain' Here at last are 
Herford s improbable dehniiionsof a menagerie of familiar and weird animals 
each verse illustrated by the authors own drawings 24 drawings in 2 colors 
24 additional drawings vii -p g^pp 6^ X 6 21647 0 Paperbound 81x10 

The Brownies Their Book Palmer Cox 
The book that made the Brownies a household word Generations of readers 
have enjoyed the antics predicaments and adventures of these jovial sprites 
vv ho emerge from the forest at night to play or to come to the aid of a deserving 
human Delightful illustratioiis by the author decorate nearly every page 
24 short verse tales with 266 illvittiatlons *55pp x 914 

21265 5 Paperbound fi 50 



CATALOGUE OF DOfEIl SOOkS 


Easy to do EsTtfiTAJNMEDis as» Diveuio>s with Coins Cakds 
S tRiNf Pavtr and Matches R M Abrohain 
0 \er 300 tricks games and pitules Mill provide young readers with absorbing 
fun Sections on card games paper folding tncks with coins matches and 
pieces of string games for the agile toy making from common household 
objects mathematical recreations and 50 miscellaneous pastimes Anyone in 
charge of groups of youngsiers including bard pressed parents and in ncetl ol 
suggestions on how to keep children scnsildy amused and cyuiedy conieni 
will find this Ixiok indispensable Clear simple text copious numlicr of delight 
ful line drawings and illustrative diagrams Originally titled Winter Nights 
Entertainments Introduction by Lord Baden Powell 329 iHustraiions \ -|- 
i86pp 5^4 20921 0 I’aperlxrund $ixx» 


As Introduction to Chess Movfs and Tactics Si»iPi.y Explained 
I eona/d Harden 

Beginners introduction to the royal game Names possible moves of the 
pieces definitions of essential terms how games are won etc explained m 
30-odd pages With this background you U be able to sit right down and play 
Balance of Ixiok teaches strategy — openings middle game typical endgame 
play and suggestions for improving your game A sample game is fully 
atialyzcd True middle level introduction teaching you all the essentials with 
out oversimplifying or losing you in a mate of detail 38 fgures lotpp 
X 8(4 21210 6 I’aperbound $1 sj 


Lasker a AfANUALOFCiirss Dr Fmanuet Lasker 
i'rohably the greatest chess player of modern times Dr Emanuel Lasker held 
the world championship *fl years independent of passing schools or fashions 
untnaithed study ot the game chiefty lot vnttrtntdiaw to skilled jdayets 
analyzes basic methods combinations position play the aesthetics of chess 
dozens of different openings etc with constant reference to great modern 
games Contains a lirilhant exposition of Steinitts important theories Intro 
duction by Fred Reinfeld Tables of Laskers tournament record 3 indices 
308 diagrams 1 photograph xxx -f- 3y9pp jH ' 8^0640 81 aperliound 5* V* 


Combinations Thf Heart or Chess Irving Chtniev 
Step by step from simple combinations to complex this book by a well 
known chess writer shows ymi the intricacies of pins counter pins knight 
forks and smothered males Other chapters show alternate lines of play to 
tliove taken in actual championship games Iroomerang combtnaiionv classic 
examples of lirilliant coinlrinanon play liy Nimrovich Rubinstein larrasch 
Botvinnik Alekhine and Capablanca Index 3j6 diagrams i\ -|- *-tjPP 
5'/4 X 8)4 21744 2 Vaperlxuind 82 00 

How TO Solve Chfss 1’robi»*is A 4 Houard 
Full of practical suggestions for the Ian or the lieginner — who knows swily the 
moves of the chessmen Contains preliminary section and y8 two move 4G 
three move and 8 four move problems composed by *7 outstanding American 
problem creators in the last 30 years. Explanation of all terms and exhausiiic 
index Just what is wauled for ibe student Brian Harley iia problems 
solutions SI + 171 PP 5^4 X 8 20748 X I apcrbouiid 3i 511 



CATALOGUE OF DOVER BOOKS 


Fairy Tale CoLtEcrioN* edited by Andrew Lang 
Andrew Lang s fair) talc cofleclions nuke up the richest shelf full of traditional 
children s stories anyithere available Lang supervised the translation of stories 
from all over the world— familtar European tales collected b; Grimm animal 
stories from Negro Africa myths of primitive Australia stones from Russia 
Hungary Iceland Japan and many other countries Lang s selection of Irans 
lations are unusually h gh many auihonties consider that the most familiar 
tales hnd their best versions in these volumes All tolletlions are richly deco- 
rated and illustrated by H J Ford and other artists 

The Glue Fairy Book $7 stories ijfl illustrations ix 590PP 

21157 0 Paperbound $195 
The Greev Fairy Book 4t stories loo illustrations xiii 4. jSdpp 5^ 
X 8^ 21459 7 Paperbound Si 7^ 

The Brows Fairy Book 5* stories 50 tlluseralions 8 in color xii 
3j0pp 5^ X 854 21458 9 Paperbound $1 93 

The Best Tales op Hopemanv edited by E F Bleiler 
10 stones by £ T A HofTmsnn one of the greatest of all writers of fantasy 
The tales include “The Golden Flower Pol “Automata A New \ear s Eve 
Adventure “Nutcracker and the King of Mice" "Sand Man and others. 
Vigorous charactentaiions of highly eceeniric personalities remarkably imagi 
native situations and intensely fast pacing has made these tales popular all 
over the world for 15a years Editor's inir^ucuon 7 dravtmgs by Hoffmann 
xxxiii 4. 4igpp SVi X 814 21795 0 Paperbound }• 15 

Ghost avb Hobror Stories or AsiaaosE Bieice 
edited by E F Bleiler 

Morbid eerie homfyiog tales of possessed poeu shabby aristocrats revived 
corpses and haunted malefactors. Widely acknowledged as the best of their 
kind between Poe and the modems reflecting their authors inner torment 
and bitter view of life Includes “Damned Thing " “The Middle Toe ol the 
Right Fool The Eyes of the Panther “Visons of the Night Moxons 
Master and over a doren others. Editors introduction xxii 4. i9gpp 5^4 
x8^ 20767 6 Paperbound $1 50 

Three Gothic Novels edited by E F Bleiler 
Originators of the still popular Gothic novel form influential tn ushering in 
early 19th century Romanticism Horace Walpoles Castle of Otranto William 
BeckCord t lalhek John Potidoiis The (empyre and a Fragment by Lord 
Byron are enjoyable as exciting reading or as documents in the history of 
English literature Editors inlroducuon xi 4- t9ipp $54 x 8y4 

21252 7 Paperbound fsoo 

Best Ghost Stories of Letawu edited by E F Bleiler 
Though admired by such critics as V S Priudieii Charles Dickens and Henry 
James ghost stones by the Irish novelist Joseph Sheridan LeFanu have 
never become as widely known as his detective Action About half of the 16 
stones m this collection have never before been available m America Collec 
tion includes Carmilla (perhaps the best vampire story ever written) The 
Haunted Baronet " “The Fortunes of Sir Robert Atdagh " and the class e 
“Green Tea Editors inlroducCioii 7 contemporary illustrations Portrait of 
LeFanu xii 4- 467PP x 8 20415-4 Paperbound la^o 
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Easy to do E^TERrAlNMENTs and Diveuions with Coins Cards 
String Paper and Matches R M Abritham 
Over 300 tricks games and piiziles will provide )Oung readers uith absorbing 
fim Sections on card games paper folding (neks with coins matches and 
pieces of string games for the agile to> making from common household 
objects mathematical recreations and 50 miscellaneous pastimes An)one in 
charge of groups of youngsters including hard pressed parents and m need of 
suggestions on how to keep children sensibly amused and quietly content 
will hnd this hook indispensable Clear simple (ext copious numlier of delight 
ful line drawings and illustratue diagrams Originally tilled ^\l^ter Nights 
Entertainments Introduction by Lord Baden Powell 329 illustrations v + 
i86pp 5^ X 8^5 20321 0 Paperbotmd $100 


An Introduction to Chess Movrs and Tactics Simply Explained 
Leonard Barden 

Beginners introduction to the royal game Names possible moves of the 
pieces definitions of essential terms how games are won etc explained m 
30-odd pages itb this background you 11 be able 10 sit right down and play 
Balance of book teaches strategy ~ openings middle game typical endgame 
play and suggestions for improving your game A sample game is fully 
analyzed True middle level introduction teaching you all the essentials with 
out DvectimpUfymg or losing yon in a mare of deuil 58 figures loapp 
^ 21210 6 Paperlxmnd 5i >5 


Lasker sManualopChess Dr Emanuel tasker 
Probably the greatest chess player of modern times Dr Emanuel Lasker held 
the world championship z8 years independent of passing Khools or fashions 
This unmatched study of the game chiefly for intermediate to skilled players 
analyzes basic methods combinations position play the aesthetics of chess 
dozens of different openings etc with constant reference to great modern 
games Contains a brilliant exposition of Siemitzs important theories Intro 
diiction by Fred Reinfcld Tables of Laskers tournament record 5 indices 
30S diagrams 1 photograph xxx -}- 519PP R S.20&I0 8i'aperI>ouiid $2 yn 


Combinations The Heart or Chess Irmng Chemev 
Step by step from simple combinations to complex this bix>k by a well 
known chess writer shows you the intricacies of pins counter pins knight 
forks and smothered males Other chapieri show alternate lines of play to 
those taken in actual championship games lioomerang combinations classic 
examples of linlliant combination play by Nimrosich Rubinstein Tarrasch 
Botvinnik Alekhine and Capablanca Index 3 j 6 diagrams ix + 2(jpp 
SM R 85^ 217*^ 2 Paperljound 52 00 


How to Solve Chfss 1'robifsIS A S Uoaard 
Full of practical suggestions for the fan or the liegmner— who knows only the 
moves of the chessmen Contains preliminary section and 58 two move 46 
three move and 8 four move problems eomposeil by 27 outstanding American 
problem creators in the last 50 years Fxplanatton of all terms anti exhaustive 
index Just what is wanted for the student Brian Harley 112 problems 
solutions VI -j- lyipp 5VJ x 8 20748 X 1 aperbound Si 50 
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Social Thought froai Lokf to SciChCE 
H E Barnes and H Bfckef 

An immense survey of sociologtca) thought and ivays of viewing studying 
planning and reforming society from earliest times to the present Includes 
thought on society of prelileratc peoples ancient non Western cultures and 
every great movement in Europe America and modern Japan Analyses hun 
tlreds ol great thinVers Plato AugusiiRe Bodin \icd Montesquieu Herder 
Comte Afarx etc Weighs the contnlmiiofis of Utopians sophists fascists and 
communtsis economists yunsis phslosophets ecclestastics and every 19th 
and aoih century school of scientific sociology anthropology and social psy 
chology throughout the v>orUI Comhincs topical chronological and regional 
approaches treating the evolution of social thought as a process rather than 
as a series of mere topics Impressive accftracy competence and discrimina 
tion easily the liest single survey Aodon Thoroughly revised with new 
material up lo 1960 2 indexes Over asoo hibiiographical notes Three volume 
set Total of ijflGpp x 8 

20901 6 2f>902 4 2090J 2 I liree volume set paperliounti fgM) 

\ HiiToav or HiSToaiCAL Wamsc Harry Elmer Barnes 
Virtually the only adequate survey of the vthole course of hisloncal writing 
in a single volume Suneys developments from the beginnings of histonog 
raphy in the ancient Near East and the Classical World up through the 
Cntd VNar Covers major historians in detail shotvs inierrelaiionship with 
cultural background makes clear individual contributions evaluates ard 
estimates importance also enormously rich upon minor authors and chinLers 
who are usually passed over Packed vviih scholarship and learning clear easily 
written Indispensable Co every student of history Revised and enlarged up 
to >961 Index and bibliography xv ^ 442pp 5^ x 

201M X Paperbound $275 


JOHAMt SeSASTtAV Bacii PhtUpp SpstUs 
The complete and unabridged text of the definitive study of Bach Written 
some 70 years ago it is still unsurpassed for its coverage of nearly all aspects 
of Ba^ s life and work TTiere could hardly be a finer non technical iniroduc 
lion 10 Bachs music than the detailed lucid analyses which Spitu provides 
for hundreds of individual pieces afi solid pages are devoted to the B minor 
mass for example and 50 pages lo the glorioiis St Matthew Passion This 
nvonumentat set also inclvtdesa major aoalysis of the music of the i8ih century 
Buxtehude Pachellxl etc Unchallenged as the last word on one of the 
supreme geniuses of music j<^n Barkham Saturday Revievj Syndicate Total 
of 1819PP Heavy cloth I inding 5^^ x 8 

22278 0 2^9 9 Two volume set clothbound $15.00 

BtETHOvrs Awo Hts Nvxr SvuPKOMrs George Croue 
In this modern middle level classic of musicolt^T Urove not only analyres all 
nine of Beeihovens symphonies very thoroughly m terms of their musical 
structure hut also discusses the circumstances under which they were written 
Beethoven s stylistic development and mvKh other background material This 
IS an extremely rich book yet very easily followed it is highly recommended 
to anyone seriously interested in music Over *50 musical passages Index 
Mil -f. 407PP X 8 20334-4 Paperbound $* *5 
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Three Science Fictio*< Novels 
John Tame 

Acknoivlcdged hy many as the best SF Hriicr of the 1920 s Tame (under the 
name Eric Temple Bell) w-as also a Professor of Mathematics of considerable 
renown Reprinted here are The Time Sireaii generally considered Tames 
l>Mt The Grcfllesl Game a liiologicail ficUon novel and The Purple Sa}phiTe 
intolving a siipercivilization of the past Tames stories tic fantastic narratnes 
to frameworks of original and logical scientific concepts Speculation is often 
profound on such questions as the nature of time concept of entropy csclical 
untserses etc 4 contemporary lUustiations v ^ 53*pp 5 % n 

21180 0 Paperbound $250 


Se\en Science Fictios Novels 
H C He/fi 

Full unabridged texts of 7 science fiction novels of the master Ranging from 
biology physics chemistry astronomy to sociology and other studies Mr 
Mells extrapolates whole worlds of strange and iiitrigumg character One 
will have to go far to match this for entertainment c\citement and sheer 
pleasure New iork Times Contents The Time Machine The Island of 
Dr Moreau The First Men in the Moon The Invisible Man The U ar of the 
Uorlds The Food of the Gods In The Days of the Comet ioi5pp 53^ x 8 
202&4 X Cloihlsoiind S,oo 

s8 Science Fiction Stories or If G Uells 
Tvvn full unabridged novels Afen Like Cods and Star De^otieii pli 1 sfi short 
stones hy the master science fiction writer of all time' Stones of space time 
invention exploration futiiristie adventure Pariial contents The Counin of 
the Blind tn the Abyss The Ciyslal Egg The Man 11 ho Could It ork Miracles 
A Morj of Days lo Come The Empire of the Anls The Magic Slop The 
I alley of the Spiders A Story of the Slone Age I nder the Knife Sea /lenders 
etc An indispensable collection for the library of anyone interested in science 
fiction adventure gaSpp 5*4 x 8 20285 8 Clothbound Si; ou 


Three Martian Novels 
Edgar Rice Biirrougfis 

Complete unabridged reprinting in one volume of Thiivia Maid of Mars 
Chessmen of Mars The Afaster Mind of Mars Hours of science fiction adven 
lure by a moilern master storyteller Re^et in laige clear type for easv reading 
16 illustrations by J Allen St John vi igopp s'i \ 81^ 

20039 6 Paperlxiiind Sz yo 

An IVTFLLrCTUAL AND CULTURAL lllSTORV OF TMf MISTERS M ORLD 

Harry Elmer Dames 

Monumental 3 volume survey of intelleclual development of Europe from 
primitive cultures to the present day Every significant product of human 
intellect traced through hucory art literature mathematics physical sciences 
medicine music technology social sciences religions jiinspriulence eilucaiion 
etc, I tesentation is lucid and specific analyitng in detail specific discoveries 
theories literary works and $0 on Revised fi^j) by retognireil scholars in 
specialized fields under the direction of Prof Barnes Revise*! bibliography 
Indexes a| illustrations Total of xxix -f- 1318?? 

21275 0 212.6 9 21277 7 lliree volume set paperUnind $8.Sj 
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La Doiieme by Giaco»io Puccini 
translated and tniroduced bf Ellen ff Bleiler 
Complete handliook lor the operagoer »ith everything needed for full enjoy 
menc except (he miiiical score itself Complete lulian libretto oith ne» 
modern English line by line translaiion— the only libretto printing all repeats 
biography of Puccini (he libreiusts background to the opera Murgers La 
Bohemc etc circumstances of composttion and performances plot summary 
and pictorial section of 73 illustrations shotting Puccini famous singers and 
performances etc Large clear lype for easy reading i*4pp 5% x 8l4 

2M04 9 Paperbound Su5 


Antomo SraAtiiVARi His Life akd Work 1737) 

IV fieniy Uill Arthur F Hill and Alfred F Hill 
Still the only book (hat really delves into life and art of the incomparable 
Italian craftsman maker of the finest musical instruments in the uorld today 
rhe authors expert violin makers themselves discuss Stradivari $ ancestry his 
construction and finuhmg (echnw\ues disttoguished characteristics of many 
of his lusiruments and their locations Included too is story of introduction 
of his instruments into France England first revelation of their supreme 
merit and information on his laWls number of instruments made prices 
mystery of ingredients of his varnish lone of pre i68j Stradivari violin and 
changes between i68t and 1690 An extremely interesting informative account 
for all music lovers from craftsman to concert goer Republicaiion of original 
(190a) edition New introduction by Sydney Beck Head of Rare Book and 
Manuscript Collections Music Division New \o!V. Public Library Analytical 
index by Remliert Wurliuer Appendixes 68 illustrations 30 full page plates 
4 in color xxsi 4. jispp 5^4 * 2W25 1 Paperbound Jaaj 


MUStCAL AUTOCWAPtlS FROM MOSTEVtRSlt XO HlMlFMtTM 
Emanuel ffinlemiix 

For beauty for intrinsic interest for perspective on the composer s personality 
for subtleties of phrasing shading emphasis indicated in the autograph but 
suppressed in the printed score the mss of musical composition are fascinating 
documents which repay close study in many different ways This * volume 
uork reprints facsimiles of mss by virtually every major composer and many 
minor figures— 19G examples in all A full text points out what can be learned 
from mss analytes each sample Index Biblu^raphy 18 figuves 196 plates. 
Total of lyopp of text yj-* x lo^^ 

21312 9 21313 7 Two volume seu paperbound 5a-oo 


J S Bach 
Albert Schueitzer 

One of the few great fulilength studies of Bachs life and work and the 
study upon which Schweitzers renown as a musicologist rests On first appear 
ance (1911) revolutionized Bach performance The only writer on Bach to 
lie musicologist performing musician and student of history theology and 
philosophy Schweiuer contributes partHrularly lull sections on history of Oer 
man Protestant church music thcones on motivic pictorial representations 
in vocal music and pracltcal suggestions for performance Translated by 
Ernest Newman Indexes 5 illustrations 6yi rnusical examples Total of xix 
4- gsSpp sYsXS]^ 216314 216322 Iwo volume set paperbound $1 5° 



CATALOGUE OF DOt ER BOOKS 


The Methods of Ethics Henry Sidgaick 
Propounding no organized system of its oun study subjects every major 
methodological approach to ethics to rigorous olijectivc analys s Slu ly dis 
cusses and relates ethical thought of I iato Aristotle Bentham Clarke D iilcr 
Hohlies Hume Mill Spencer Kant and dozens of others Sidgivick retains 
conclusions from each system which follow from ethical premises rejecting 
the faulty Considered by many in the field to I e among the most important 
treatises on ethical philosophy Appendix Index xlvii 4. itzgpp rs. \ giz 
21608 X Papcrboimd 5250 

Teutonic Mythoi.ocv /afto6 Grimm 
A mrlesione in Western ciiltare the work which esUhlifhed on a modern 
basis the study of history of religions and comparative religions 4 volume 
work assembles and interprets everything avadahtc on religious and folk 
lonstic lieliefs of Germanic people (including Scandinavians Vnglo Saxons 
etc) Assemhimg material from such sources as Taciius surviving Old Norse 
and Icelandic texts archeological remains folktales surviving siipemiiions 
comparative traditions lingiusiic analysis etc Cnmm explores pagan deities 
heroes folklore of nature religious practices and every other area of pagan 
German lielief To this day the unrivaled definitive exhaustive study Trans 
lated by J S Sialtyhrass from ^ih (i«83) German edition Indexes Total of 
Ixxvii 4- i^7pp 5fi X 

21602 0 21MS 9 21604 7 21605 5 four vxilume set paperlxziin 1 $11 00 


The I CiiiNC ttvntlaled by James Legge 
Called The Book of Changes m English this is one of the Five Classics 
edited by Confucius liasic and central to Chinese thought Explains perhaps 
the most complex system of divination known founded on the theory that all 
things happening at any one time have characteristic features which can l>e 
isolated and related SigniRcant in Oriental studies in history of religions and 
philosophy and also to Jimgian psychoanalysis and other areas of modern 
European thought Index Appendixes 6 plates xxi + 44llpp sH x 

21062 6 Paperbound $275 

History OF Ancie>t Philosoi iiv It Hindelband 
One of the clearest most accurate comprehensive surveys of Creek and Roman 
philosophy Discusses ancient philosophy in general intellectual life in Greece 
in the 7th and 6th centuries BC Thales Anaximander Anaximenes Hcrac 
htus the Eleaiics Empedocles Anaxagoras Leucippus the 1 ythagoreans the 
Sophists Socrates Democritus (xopages) Plato (50 pages) Vristoile (70 pages) 
the Peripatetics Stoics Epicureans Sceptics Neo plalonists Christian Apolo 
gists etc and German edition translated by H E Cushman xv 393pp 
5^ X 8 20Sa7 3 Paperliound fs 

Thf Palaci of Plfasurf 1 Pointer 

Elizalieihan versions of Italian and French novels from The Decameron 
Ciiithio Straparola Queen Margaret of Navarre and other continental sources 
— the very work that provided Shakespeare and dozens of his contemporaries 
with many of their plots and suh plots and therefore justly considered one of 
the most influential liooks m all English literature It is also a liook that any 
reader will still enjoy Total of cviii ^ lAxipp 

2169! 8 21692 6 21693-4 three volume set paperbound }6 75 
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An INTKODUCTION TO TMB GKOHETtY OF N DIMENSIONS 
D H y Sommervi/fe 

An introduction presupposing no prior knowledge of the field the only book 
in English devoted exclusively to higher dimensional geometry Discusses 
fundamental ideas of incidence pavallelisin pcrpendiculaiity angles between 
linear space enumeraiive geomeity aiuilyueal geometry from projective and 
metric points of view polyiopes elementary ideas in analysis situs content of 
hyper spacial figures Bibliography Index 6o diagrams ipfipp 5V^ x 8 

60494-2 Paperfaound |i 50 

ELtSfENiaRv Concepts or Tofoloct P AUxendroff 
First English translation of the famous brief introduction to topology for the 
beginner or (or the mathematician not undertaking extensive study This vm 
usually useful intuitive approach deals primarily with the concepts of complex 
cycle and homology and is wholly consislent with current imestigations 
Ranges from basic concepts of act theoretic topology to the concept of Betti 
groups Glowing example of harmony between intuition and thought David 
Hilbert Translated by A E Farley Iniroduchon by D Hdbert Index. *5 
figures 73PP 5^*8 60747 X PaperbouruKi <5 

ELcatCNTs or Non EticuoEAN Geosietby, 

D At Y SommeruilU 

Unique in proceeding step by step in the manner of ixaditional geometry 
Enables Ibe student with only a good knowledge of high school algebra and 
geometry to grasp elementary hyperbolic elliptic analytic non Euclidean geom 
etnes space curvature and its philosophical implications theory of radical 
axes hoffiothetie centres and tystenis of circles parataxy and parallelum 
absolute measure Gauss proof of the defect area theorem geodesic represenca 
tion mudi more all with exceptional clarity it$ problems at chapter endings 
provide progressive practice and familiarity 133 figures Index xvi tyipp 
SUxS 60160 8 Paperbound $eoo 

iNTKOoucriON to the THCoav OP Nuuaras L £ Dickson 
Thorough compiriicnsive approach with adequate coverage of classical hiera 
lure an introductory volume beginners can follow Chapters on divisibility 
congruences quadratic residues tt reciprocity Diophantme equations etc Full 
treaURCDl of binary quadratic fonns w ilhout uiual reittiction to integral coef 
ficients Covers infinitude of primes least residues Fermat s theorem Eulers 
phi function Legendre s symbol Gausss lemma automorphi reduced forms 
recent theorems of Time & Siegel many more Much material not readily 
available elsewhere X39 problems Index ! figure viii + iBspp 6?4 * 8 

6O3I2 S Paperbound $1 75 

Mathematical Tables and Fokuulas 
compiled by Robert D Carmichorl end Edwin R Smith 
Valuable collection for students etc. Contains all tables necessary m college 
a5%ehia. and. »icK as five qlace. cotamon Vn^ilbint to^utthrmr- 

sincs and tangents of small angles logarithmic trigonometric functions natural 
irigonomecnc functions four place antiSogaritfams tables for changing from 
sexagesimal to circular and from circular to sexagesimal measure of angles etc 
Also many tables and formulas not ordinarily accessible including powers 
roots and reaprocals exponentsal and hyperbolic functions ten place loga 
Tiihms of prime numbers and formulas and theorems from analytical and 
elementary geometry and from calculus Explanatory introduction vtu + 
»69pp syi X 60111 0 PaperboundSi 50 
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A Source Book in ^fATHEMATIcs 
D F Smith 

Great discoveries m math from Renaissance to end of igth centiirv in English 
translation Read announcements by Deilekiud Gauss Delamam Pascal 
Fermat Nesvton AI>el Lohachevsly Bolyai Riemann De Moivre Legendre 
Laplace others of discoveries about imaginary numbers miralicr congruence 
slide rule equations symliolism cubic algebraic equations non Euclidean 
forms of geometry calculus function theory quaternions etc Succinct selec 
tions from 1*5 different treatises articles most unavailable elsevihere in English 
Each article preceded by biographical introduction \ol I Fields of Niimlier 
Algebra Index ja illus ajSpp 5% x 8 \oI II Fields of Geometry Probability 
Calculus Functions Quaternions 85 illus 43spp 5S/J x 8 

60a52 3 60553 I Two volume set paperboiind $3^10 


Foundations of Phvsics 
R B Lindsay dr H iVargeniiM 

Excellent bridge between semi popular works 1 technical treatises A diKUSsion 
of methods of physical description construction of theory valuable for physicist 
with elementary calculus who 1$ interested in ideas that give meaning to data 
tools of modern physics Contents include symliolism mathematical equations 
spaced; time foundations of mechanics prohahiliiv physics ikcontinua electron 
theory special & general relativity quantum mechanics causality Thorough 
>nd yet not overdetailed Unreservedly recommended KaSure fLonJon) 
Unabridged corrected edition List of recommended readings 5^ illustrations 
** + 6S7PP X 8 60377 6 Paperbound 5350 


FUNDASfENTAL FORMULAS OF PHVSICS 
ed by D H Menztl 

High useful full inexpensive reference and stud) text ranging frtm simple 
to highly sophisticated operations Mathematics integrated into text— each 
chapter stands as short textbook of field represented \ol 1 Statistics Physical 
Constants Special Theory of Relativity Hydrodynamics Aerodynamics 
Boundary Value Problems in Math Physics Viscosity Electromagnetic Theory 
ettVol s Sound Acoustics Geometrical Optics Electron Optics High Energy 
Phenomena Magnetism Biophysics much more Index Total of 8oopp 53^x8 
60595 7 60596 5TwovolumeBet paperbound 75 


Theoretical Physics 
A S Kompaneyets 

One of the very few thorough studies of the subject in this price range 1 rovides 
advanced students with a comprehensive theoretical background Especially 
strong on recent experimentation and developments m quantum theory 
Contents ^fechanlcs (Ceneraliied Coordinates Lagrange s Equation Collision 
of Particles etc) Electrodynamics (Vector Vnalysis Maxwells equations 
Transmission of Signals Theory of Relativity etc) Quantum Mechanics (the 
Inadequacy of Classical Vfechanics the Wave Equation Motion in a Central 
Field Quantum Tlieory of Radiation Quantum Theories of Dispersion and 
Scattering etc) and Statistical Physics (Equilibrium Distribution of Molecules 
5n an Ideal Gas Boltzmann Statistics Bose and Icrmi Distribution Thermo- 
dynamic Quantities etc.) Revised to 1961 Translated by George Vankovsky 
authonred by Kompaneyeis 137 exercises 56 figvires. ssgpp SVs * 8'/4 

60972 3 Paperbound 535o 
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Mathfmatical Pkisics D H Meniel 
Thorough onc\oliime treaimn)! of the mathematical techniques vital for 
clawiial mechanics elcciromagnetic fheor) quantum theory and relativity 
Written by the Hanard Professor of Astrophysics for junior senior and grad 
itaie courses it gives clear explanations of all those aspects of function theory 
vectors matrices dyadics tensors paiiial differential equations etc necessary 
for the understanding of the various physicat theories Electron theory rel 
aiiviiy and other topics seldom presented appear here in considerable detail 
Scores of definiiion conversion factors dimensional constants etc More 
detailed than normal for an advanced text excellent set of sections on 
Dyadics \fatrices and Tensors Jounuil of the Frankltn InsMute Index ig; 
protilems with answers x ^ 4irpp sVt x 8 60056 4 Paperbound 50 

Thf T»io«x or SovM> JLord flovleigh 
^fost vibrating systems IiEely 10 be encountered tn practice can be tackled 
successfully by the methods set forth by the great Nobel laureate Lord 
Rayleigh Complete coverage of experimental mathematical aspects of sound 
theory Partial contents Harmonic motions vihraimg systems in general lateral 
vibrations of bars curved plates or shells applications of Laplace s functions to 
acoustical problems fluid friction plane vortex sheet vibrations of solid bodies 
etc This IS the first inexpensive edition of this great reference and study work. 
Bibliography Ifisioricat introduction by R B Lindsay Total of lofopp $7 
figures x 8 602923 60293 I Twovolumeset paperbound 36no 


IIvoRooVNAttiCi Horaee Lamb 

Internationally famous complete coverage of standard reference work on 
dynamics of liquids & gases Fundamental theorems equations methods solu 
lions background for cUuical hydrodynamics Chapters include Equations of 
Motion Integration of Equations in Special Cases Jrrotaiional Motion Motion 
of Liquid in tDimens ons Moiionof Solids through Liquid Dynaraical Theory 
toriex Motion Tidal Waves Surface Waves Waves of Expansion \iscosity 
Rotating MasscsofLiquids Excellently planned arranged clear lucid presenta 
tion 6 ih enlarged revised edition Index Over 900 footnotes mostly bibliogra 
phical 1 19 figures xv .y. 738pp 6^ x 9!^ 60256-7 Paperbound Sfoo 

DvNAMtCAL Theorv OF CASES James Jeans 
Divided into mathematical and physicat chapters for the convenience of those 
not expert in maihenvatics ihu volume discusses the tnatheraaiical theory of 
gas in a steady stale thermodynamics Boluroann and Maxwell kinetic theory 
quantum theory exponentials etc 4ih enlarged edition with new material on 
(juantum theory quantum dynamics etc Indexes aS figures 444PP ^ 9V^ 

60136 6 Paperbound $z 75 


THFRMODVviAvncs Enrico Fermi 

Unabridged reproduction of 1937 edition Elementary in treatment remarkable 
for clarity organiration Requires no knowledge of advanced math beyond 
calculus only familiarity with fundamentals of thermometry calonmelry 
Parual Contents Thermodynamic systems First L Second laws of thermo- 
dynamics Entropy ThermodynamK potentials phase rule reversible electric 
cell Caseous reactions van c Hoff reaction box principle of LeChalelier 
Thermodynamics of dilute solutions osmotic S; vapor pressures boding tc 
freezing points Entropy constant Index s, problems. 24 illustrations, x 4- 
■Gopp syi X 8 60361 X Paperbound $s-oo 
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Celestial Objects for Comuon Telescopes 
Rn T U Webb 

Classic handhooV. for the use ami pleasure of the amateur astronomer Of 
inestimable aid in locating and idenlifjing thousands of celestial ot jecis \ol 1 
The Solar System discussions of the principle and operation of the telescope 
proceduresof observations and telescope photography spectroscops etc precise 
location information of sun moon planets meteors Vol 11 The Surs 
alphalielical listing of constellations information on double stars cl isters stars 
v.iih unusual spectra variables and nebulae etc Nearly jooo objects noted 
Edited and extensively revised by Margaret U Mayall director of the \merican 
Assn otNariable Star Observers New Index hy Mrs Mayall giving the location 
of alt objects mentioned in the text for Epoch sooo Neu I reccssidn lahle 
added New appendices on the planetary satellites constellation names and 
abbreviations and solar system data Total of 46 illustrations Total of xxxiv 
-)• 6o6pp 5$^ X 8 20917 2 20918 0 Two volume set paperliound $3 00 

Plasetary Theory 
£ n Broun end C A Shook 

Provides a clear presentation of has c methods for calculating planetary orbits 
for today s astronomer Begins with a careful exposuioii of specialited mathe 
matical topics essential for handling perliiihaiion theory and then goes on to 
indicate how most of the previous methods reduce ultimately to tv*o general 
calculation methods obtaining expressions either for ihe coordinates of plane 
tary positions or for the elements which determine the periiiil>ed paths An 
example of each is given and worLed in detail Corrected edition I reface 
Appendix Index xii joapp x 8^ 61185 7 Paperbound $2 tj 

Star Nasses and Their Meamncs 
Richard Hinckley Allen 

An unusual book documenting the various aitnimiions of names to the 
individual stars over the centuries Here is a treasure house of information on 
a topic not normally delved into even by professional astronomers provides a 
fascinating background to the stars in folk lore literary references ancient 
writings star cault^ and maps over the centuries Constellation by constclla 
tion analysis covers hundreds of stars and other asterisms including the 
Pleiades Hyades Andromedan Nebula etc Introduction Indices Lilt of 
authors and authorities, xx + 563PP 5% x 854 21079 0 Paperbound 5s 00 

A Short History or Astronosiv A Berry 
Popular standard work for over 50 years this thorough ami accurate volume 
covers the science from primitive tunes to the end of the igih century After 
the Greeks and the Middle Ages tndividoalchaptersanilyreCopcrnicus Brahe 
Galileo Kepler and Newton and the mixed reception of their discoveries 
Post Newtonian achievements arc then discussed in unusual detail Halley 
Bradley Lagrange Laplace Hcrschel Bessel etc t Indexes loj illustrations 
9 portraits, xxxl ^jopp 5^4 x 8 20210 0 Paperbound 52 75 

Some Theory of Sampunc M F Deming 
The purpose of this book 11 to make sampling techniques understandable to 
and useable by social scientists industrial managers and natural scietUisis 
who are finding statistics increasingly part of their work Over 200 cverciscs 
plus dorens of actual applications Ci tables tyo fgs xix 4. fiospp syj x 85.^ 
61755-6 Papcilxiund <3 50 
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Hear Me Talkis to Ya edited by Sat Shapiro and Sot Uentoff 
In their own word? Loui? Armstrong KingOIiter Fletcher Henderson Bunk 
Johnson Bix Beiderbecke BiDy Hotida) Fats Mailer Jelly Boll Morton 
Duke Ellington and mans others comment on the origins of jazz in New 
Orleans and its growth in Chicago s South Side Kansas City s jam sessions 
Depression Harlem and rhe modernisn of the Meit Coast schooK Taken 
from taped contersations letters magazine artic es other firsthand sources 
Editors introduction xvi -f 4>gpp x 21726 4 Paperbound $200 

The JOLiSAt or Henry D Thokeae 
A 2j year record by the great Amnican obserser and critic as complete a 
record of a great man s inner life as is anprhere aiailable Thoreau s Journals 
sersed him as raw material for his formal pieces as a place where he could 
doelop his ideas as an outlet for his interests in wild life and plants in 
WTiimg as an art m classics of literature M alt Ulitiman and other con 
temporaries in pol tics slavery individuals relation to the State etc The 
Journals present a portrait of a remarkable man and are an oliservant social 
history Unabridged reptihlication of 1906 edition Bradford Toirey and 
Franas H Mien editors. Illustrations. Total of i888pp 8^4 * 

20812 S 203IS I Two volume set clnihlxiiiml $3000 

^ SHAKESrr ARUN CRAStMA* £ A Abbolt 
Basie reference to Shakespeare and hiv contemporaries explaining through 
thousands of quotations from Shakespeare Jonson Beaumont and Fletcher 
North a Plutarch and other sources the grammatical usage dilfering from the 
modern First published m 18^0 and wrrilten by a Kholar who spent much of 
his life isolating prinaples of Elualiethan language the Ixiok is unlikely ever 
to be superseded Indexes, xxiv +5iipp x 8y^ 21582 2 Paperbound S3.00 

Folk Lore or SHVKrsrEABE T F Thulelion Dyrr 
Classic study drawing from Shakespeare a large body of references 10 super 
natural bel ets terminology of falconry and hunting games and sports good 
luck charms marriage customs folk med anes superstitions about plants 
animals birds argot of (he underworld sexual slang of London proverbs 
dunking customs weather tore and much else From full compilation comes 
a mirror of the lyth^entury popular mind Index ix 4- szSpp syi x 81^ 
21614-4 Paperbound St y. 


The New kAXiORLM SHAKEsrzARE edited by H // Fumesi 
By far the richest editions of the plays ever produced in any country or 
language Each volume contains complete text (usually First Folio) oi the 
play all variants In Quarto and other Folio texts editorial changes by every 
major editor to Furnesss own lime (1900) footnotes to obscure references or 
language extensive quotes fioni fiterature of Shakespearian ciiiicism essays 
on plot sources (often reprinting sources in full) and much more 
Hamlet edited by H H Fumerr 
Total of X.XVI + poapp bVa x 8y4 

21004 9 2I0(b 7 1 wo volume set paperbound j 
Twelfth Night edited by If H Furness 
Index xxii + 4J4PP SVt 21189-4 Paperbound $2 75 
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The Wonderful Wizard of Oz Z F Raum 
AU the ongmil \V De«\sk>w iUustnuon« »n full color— as moth a pan of 
The Wizard as Tenniels lirauings are of Alice in Wonderland The 
Wizard IS still America s I>Mt lo\ed fair) tale inuhich as the aullior expresses 
It The wonderment and jo) are retained and the heartaches and nightmares 
left out " Now todays )oiing readers can enjoy csery word and wonderful pic 
tore of the original IxioV New introduction liy Martin Gardner A Saiim 
bibliography 23 full page color plates »iii -f- s6^pp 5% x B 

20691 2 I’aperboiind $1 93 


The Marvelous Land of Oz L T Baum 
This IS the equally enchanting sequel 10 the Wizard coniiiiuing ihc adspn 
Hires of the ^recrow and the Tin Woodman 7he hero ihis lime is a little 
Ixiy named Tip and all the delightful Oz magic is stilt present This is the 
Oz liook iviih the Animated Saw Horse the Woggle Bug and JacW Pumpkin 
head All the original John R Neill illiisuaiions 10 in full color sS-pp 
X 8 20692 0 Paperlioum! Si 75 

Alices Advfmires Under Ground Leuit Carroll 
rhe original Alice in U ondertanrf hand leilered and illustrated hy Carroll 
himself and originally presented as a Cliristmas gift to a child friend Adults 
as well as children svill enjoy this charming volume reproduced faithfully 
in this Dover edition While she story is essentially the same there are slight 
changes and Carrolls spniely drawings present an inirigiimg alternaiive to 
the famous Tenniel illustrations One of the most popular books in Dovers 
catalogue Introduction by Martin Gardner 58 illustrations laSpp bH * 8i/4 
2H82 6 Paperbound $1 00 


Thf Nurserv Alice Leuir Carroll 
While most of 11$ consider 4lice m Uonderland a siory for children of all 
ages Carroll himself felt it was lieyond younger children He therefore pro 
sided this simplified version ilhisirated with the famous Tenniel drawings 
enlargeil and colored in delicate tints for children aged from Nought to 
Five Dovers edition of ibis now rare classic is a faithful copy of the 1SS9 
printing including so illustrations hy Tenniel and front and hack covers 
reproduced m full color Introdiiction Ivy Martin Gardner xxiii BJPP 
X 9*4 2J610 I Paperlvound $1 75 

Thf Storv of Kixc Arthur and His Kmchis llouerd P\le 
A fast paced exciting retelling of the l»esi Known Arehurian legends for young 
readers hy one of Americas Ivest story lellcrs and lUustratotv The sword 
Excalibur wooing of Guinevere Merlin arid his downfall adveiiiures of Sir 
I’elhas and Cawame and oihers The pen and ink illiistraiions arc vividly 
imagined and wonderfully drawn illustrations xviii + 5*3PP x gii 
2I4fj 1 Paperliound J*oo 


Prices subject to change uilhoul notice 

Available at voiir l>ook dealer or v me for free catalogue to Dept Adsci 
Dover Publications Inc iSnAaricKSt NA NA iwi j Itover publishes mote 
than ijo Iiooks each year on science elementary and advanced mathematics 
biology music art literary history social sciences and other areas 



